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. Intgnded for use by data processing. installation
managers, operating pérsonnel, and technical staff, this publication
provides a comprehensive set of care and handling guidelines for the
physical/chemical. preservation of computer magnetic storage \
media--principally computer magnetic tapes--and their stored data.
Emphasis is placed on media handling methods and environmental o
conditions which should be instituted as part of day-to-day and
long-term Qrchival storage’activities. Also considered are measures .
which can be initiated during media transit and in the aftermath of
catastrophic or uncontrollable évents.. Chapters present

. recommendations for: (1) computer magnetic media care and -handling;
{2) the preparation, storage, and reactivation phases of magnetic
tape long-term storage; (3) scheduled maintenance of computer
magnetic tapes‘twitﬁ-information on computer_tape errors, types of
maintenafce equipment, and tape rehabilitation; (4) use of tape S

. manaQQment systems (TMS)--software systems which control the flow. of

computer tapes through the data processing system; and (5) the
‘operation of clean rooms. Appendices gresent ‘information on tape’
handlimg and ‘environmental effects, and technical data on computer
magnetic tape recording and magnetic media particles. A 4l-item .
'bibliography and a ist .of symbols and abbreviations are also
provided. (AuthoEZE
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THE NATIONAL MEASUREMENT LABORATORY prowdcs thc national syslcm o! |
L, " physicayand ‘chemical .md malcnai; mcasurcmelﬂ coordmalcs the system with. measurement :

- o .. systerfs of other nations and mshss essential services leading to accurate and uniform

\ ' - physical and chemical measuremen) throughout the N: ‘lon s scientific communny, industry,

iR . o -.and commerce; conducts materi research leading tg improved mclhods of measurément,

' standards, and data on the prop,ci of materials needed by mduslry, commcrcc educational
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problems;.conducts research in cnglmerlng and apphcd science in support of these eftorts; ' ,

. N o builds and maintains competence inthe néce§sary disciplines required to carry out this

: ' research .and technicat service; dcvc'lqps engineering data and measurement capabilities; .-
) “w = - provides engineering measurement traccablhty scrviccs develops test methods and proposes
5 . engineering standards and code changcs. \dcyclops and proposes new ‘engjneering practices;
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. rescarch and provides scientific and lcchmc41 sqvwes to-aid Federal agencies in the selecticn,
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i }‘»» Computer magnétlc tape is the prevalent mass storage medlum used by ihdustry and
» Government’ data processing organizations for both; dlrect and archival data. storage
apphca'tlons. A fopecast -for the storage media installed- base in’.the -Federal-.
Government predicts that the-Government lnventory will consist.of 11 million reels
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The lmproper‘ care and handlmg -of these computer magnetlc 5tapes and other
ntagnetic medla such as flexible dijsk cartridges,.is the major cause for serious “and .

v costly media and data lossés by all users. T tgs Special Publication has been written_,
in response to thls important problem. It. pres.ents a comprehenswe set of carqand
"handling guidelines.and recommendations whose purpose is to assure the successful -
retr1eva1 of the data which are stored on thefe media. It consxders data retrieval in
active areas such ,as data proceSsmg cen ers and. tape llbrarles, as well as in-. Nz
long-term tape storage envnronments. v ‘ ) ) e

+ This Speclal Pubhca’tlon ‘addresses the mformatnm needs of the ADP mstalla,tlon

ey managers, the open{hg personnel and the techmcal staff.- . P

D
. ’

~

. The author gratefully’ achoyg_legges the’ contrlbutlo,ns of Candlce E. Leathérman to,

: . pthe production of -tife Specigl Publication. Her dedicatien; patience, secretarlal
skllls, and suggestlons were. 1ndlspensable to the Wrmng of this docum ent. '
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R ' CARE AND HANDLING OF A
' COMPUTER MAGNETIC STORAGE MEDIA =~ ' ¢

> o - 1_\." * ) ) . Sidney B. Gell.el'" i ) - ‘

.+ This Special Publication deals with the physical/chemical preservation of - 4
... computer magnetic " storage - media--principaily computer magnetic = ',
T \’ tapes--and their stored .data, through the application'of proper care and s
‘ - ‘handling methods under various cond;}ions. It ,emphasizes the media -
S handling methods and environment#l conditions -which should be
- e, .instituted during the course of <ontrollable day-to-day and long=term
~archival storage activities. "It also corisiders measures which can be
. < . inifiated during media transit and in the aftermath of catastrophic or .
¢ ~ uncontrollable events. However, the publication does not address the
- problem of ¢omputer storage system security from. the viewpoint of data.
theft or intentional data modification. » 2.
Key ' words: Archival  storage; care and  handling;
certification/evaluation; computer tape, ' magnetic; clean roomsj -
environméntal effects; flexible disks; magnetic fields, effects of;
rehabilitation, computer tape; scheduled maintenance, computer tapé;
storage media, computer mragnetic; tape nanagement systems, o

N . - INTRODUCTION o ' /)
Total computer instalgztion security can be achieved only with a full backup system
. inecluding hardware, s tware, and all storage media. Unfortunately the duplication
of a complete computer system at alfernate sites is' prohibitively expensive (and",
unnecessary) for most organizations. In many®instances, the central processor, the
) communications equipment, and the peripheral devices can be replaced in the wake ¥
+ of a catastrophic event. In {act, a security arrangement may consfSt of an
' agreement for emergency backip operations with another organization's system.
However, the loss of, or the destruction.of, vital data files and prog'lf}ams'st[)red on
] : computer magnetic media such as tapes can result in extremely senipus and cpstly
‘ recovery problems, if indeed sueh recovery is af all possible. Therefore, the
maintenance of a secure media storage system is absolutely necessary and must be"

given a high organizational priority [2],[3].1 L

. Typically, most orgal\izati(ms,k maintain their computer tape libraries in close
“proximity to their data processing facility in order to achieve eﬁ’icient ®nd rapid .
access to their tapes with minimuln temperature-humidity variations in transit. In
addition to the media stored in the tape library, duplicates of the critical tapes (and
disks) are often stored in off-site locations including commertial vaults.2 In
instances where increased security is desired for on-site media storage, special
heat, fire, and humidity resistant vaults and safes are employed. )In some
organizations, large environmentally controlled, oq_—s“xte'. walk-in  vaults %r,e

-

. : . J . .

. IReferences to various souPces in the list of References will appear in brackets [ ]

" within the text. o E _ :
Commercial storage facilities for computer magnetic media can often be located
through the Yellow pages of the telephone directory (see sec. 1.2-(33)). -

. ’ 1 .




'constructed which are both flre and intrusion re51stant. The formal 'con'trol -of
personnel access to all of these loeations is another 1mportant securlty factor which
should be cons1dered in the imtlal deslgn phase.

o ThlS Specgal Pubhcatlon Quthnes recommendatlons for mamtalnmg the sec%mty and
Y quallty of computer mag'netlc m‘edla and the stored data in the followmg locatlons. »

. Active environments (ADP operatlonal areas, testlng and: research areas).
. Storage. envxronments (hbrarles and vaults; long-term archlval storage)
%, In‘transit. o , oL .

-

There are variations lh the care and-handling methods for each-area: For example,
media whose lifetime will consist of transits from an active tape library to the
operational data processmg fdeility and return, are handled and selected dlfferently_
from media held in long-term archives. Master ox vital tapes which are in transit

- through uncontrolled environments-are often packaged in speclallzed contalners“
which shield these media from the environment.

a
-

’

This Special ?ubhcatlon conSIders the care and handhng act1v1tles for computer
storage med1a in the following categories: ) '

(a) Computer storage media management which.is based .upon recommended .

v "methods for the controllable, physical care and handling of the media and
thei peratmg d storage environments. This category constltutes the
majg\portlon of?hls pubhcatlon (see sec. 1.). It considers: :

‘ L * . Theiproper phy51ca1 and clean handh-ng of the storage media by the
personnel in the test laboratory, the tape library, the long-term-
. ~ archives, and the computer installation. It outlines aectivities which .
should either be initiated or avoided by the operating personnel in order
to minimize” the physical/chemical deterioration of the medja and to :

- maximize their potentlal for data recovery. . -

. . ‘Environmental requlrements which include the conditions under which
- . the medium is tested, stored, and operated as well as those under which"
the magnetic tape is transported These condition3 .include specified

te eratures. and humidities, degrees of local cleanness, enclosures, as-

as environments wmch are permeated by subtle energy types such as

electromagnetlc fields. In most instances, these environmental factors

" can be controlled through carefui‘ 51te planning, constructlon, and system.
maintenance. \

. The recovery “of damaged media and . data. ThlS activity is either a

', - ¢ reflection of the failure to achieve the maximum potential of the
/ "' preceding - categorles or the result of an uncontrollable system,
e _"_enwronmental or media breakdown. ot '

.
(b) ntrolled and protective m'anagement of computer tapes through- the use -
of special computer software programs such as Tape Management Systems
s _ oTMS) (see sec. 4.). These management systems interact with the operation
. of the actual data processing systems whose storage media are being

protected. They control the flow of the niha through the system,'-‘-’ g

R4
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g The long-term archwal care- and ,handhng methods for computer tapes whlch are’

..Which lncorporate scheduled cleamng,

~ " tapes, as well as"the scheduled recopying of vital or master. tapes. - Alternately, one'
- organization with a ldrge tape archive has adopted an appreach’in whxch thete is ne -
.formally- scheduled - archival tape maintenance program. . Instead, the -tapes are .

- cleaned and.reread on_ly,when data errors are encountered after they are recalled -
".from archives. [7] "The advent of improved tape binder formulations and smoother

' _; mamtenance schedulmg

-

- see.. &), This maint&nance mcludes the ‘cléaning, evaluating (or: certifying),

rehabﬁltatlng, and - exereising of .the, medit according to specific crltéha. -

( " 'These ¢riteria can be tracked through the use of. _repys which are dérlv
from Tape Managament Systems (TMS), from less complex” error-lo
software systems, or. through man.ual chéck—off procedures "

4~'.~
s v

(d) The long-term archival care and handhng of: comput\ir; m’agnetlc .tapes.

: ‘This is. - another major area’ in. thls pubhcatwn (see's 2.). " A survey®
~conducted for thé National Archives andRecornds Service in'1975 indicated

that Federal ncies-had approxlmately 00,000 reels whigh ¢onfainéd ,

. . . . - - - o
N o . ) . .
o . R o .- .- . . .
. S5 . . T . . /—- "'JJ' .
. Loes . . T R Y ’ )
VoL CoeS T . . ’

perform error- log'gxng functlons, and assrst w:fh t'he. required, tape'

(c) . Scheduled mamtenance of actwe a,nd sésed comput magnetl"c tapes"(see

“informatiop of long-term- archlval value. [4].- A 1982 estimate projectedan ' =

- annual growth rate of 7% to' 15% for magnetic. tapes and»a 259Q to 4096
) annual growth rate for flexlble dlsk cartridge med1a. oo

- ’\

'There are a number of crlterla whlch should be m‘? by a med1um whxch is to be_
‘maintained in long-term arctuval storage Among these are mformatlon denSIty,
- .data) permanence, - minimal maintenance, data -¢osts; speed of access, machine
indépendence, and media standardization. - It was concluded. that presently no.
available magnetic storage medium’'meets a sufficient number of these ‘eriteria 43y -

However, since né alternate medium exists at thls tlme, the effective ‘dare and
handling of computer magnetic tape. must be consndered singe this is the prevalent
medium now used 'for long-term storage of summary and ackup ‘data., It is'of -

interest to note that due to today's hlgher bit_recording deiisities. and .lower

. compufer tape prices, the cost per stored bit is @ ?pro 'mately frve“ orders of
t‘magmtude than the bit cost of 25 years ago. .

LY N ﬂ
SN 1.«:1 e
- 7 - o

"jAlthough only the: archlval care of computer magnetlc tapes is chscussed in tms
" publication, -any complete analysis -of, archival ‘factors ., must 'also congider the
* preservation and security of the entire storage entity; this: includes the leetlme of
the system the mformatxon contents and the mformation codestfs]. .

\

described in'section 2. stem elther from:. (a) ‘results ‘which, were based on empirieal
observations . derived.  ffom large, diverse ta_p_e) sample populatlons, ors from -
b) analytlcally and- experlmentally based conclusxons whlch ‘were denved from small
sample p0pulatlons.__ T _ S :

ra_ .

There are dlff-erEncu of oplmon relatlve to the amount of formal scheduhng which.

‘is ‘required for .archival tape: maintenance. . For example, some orgamzatlons [6]

.

recommend’extensive long-te m archival. puter tape care and handllng programs .
exrei

cising, and rechecklng of ‘most: stored

tape surfaces in- recent years has probebly reduced the- risk inherent in thlS latter -

approach because sm‘face smoothlng techmques haye prOduced tapes w1th hlghdr b1t ,

i
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density capabilities, less debrls (leadlng to longer life), and less read/wrlte head
wear. .

" " In addltlon, other orgamzatlons have 1nst1tuted programs of scheduled archival care

~and handling of their computer tapes which is midway'in complexity between the

two preceding approaches. However, since there i5 no unified or analytic diseipline
available at present with which 'the care and handling effects on the long-term
properties of computer -mag'netlc tapes can be.completely predieted, it is. presently. ..
not possible to arrive at a final conclusion about a "best" method for archival care.

A discusses some of the underlymg mechanlsms which cause
phy31cal hemical deterloratlon of the media and the subse\;uent data losses. These .
1nclude. j : : :

. . . N S . < .

(a) Extreme values and varlatlons in" environmental temperatures and

humidities, and their resultant effects on coatlng hydroly515, tape surface

' abraswlty,'and tape pack pressures, and . o .
(b) - Improper tape winding processes and the resultant viscoelastic responses of

he tape which lead: to tape pack damage. :

‘ The care and handllng 1nformatlon in thls document has been der1ved from:

. MuItlple ‘sources in the open, non-proprletary 11terature 1nc1ud1ng industry
and Government pubhcatlons and standards docum ents, x
L
. Personal communications and meetings with media specialists in industry
and Government who have been very informative and cooperative' with the
' Institute for Computer Sciences and Technology (ICST) personnel over the
years. There is no dlvulgence of propr1etary 1nformatlon in this publication.

. - . Extensive experience gamed in- the {G§.T Computer Storage Media

laboratory which has been engaged in experimental activities and in the
measurement, callbratldh,“ and production of magnetic media standard'_‘
reference materials (SRM's) for more than a decade. _ . .

: i
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1. Computer M@etic Media Care and Handling Recommendations .
Magnetic computer tapes and flexible disks consist of magnetic oxide particles_
dispersed in a suitable polymeric binder ,material that has been uniformly coated.
over the surffice of a flexible polyester, or equivalent base material. The prevalent
base substrate maferial is typically 'made of mylar (polyethylene teraphthalate)
which-is a stable non-magnetic material. The polymeric binder coating material ist

- - typically a polyestercurethane elastomer which contains the dispersion of gamma
ferric oxide (¥-Feg03) -magnetic particles as well as numerous chemical
constituents which give the final product its requiréd characteristics such as -
improved particle dispersion, tape flexibility, conduectivity, and relative softness
which ensures intimate physical contact between the tape and the record/reproduce
transducer. o ' ’

1 « "
.

The retention of the magnetically recorded data is performed solely by the oxide
particles with the remaining constituents of the tape coating acting as a binder or
carrier for these particles. Any embedding of debpis into the media surface, or any
distortion of the mylar base substrate material” or \tfle coating or both, or any
breakdown or alteration of the chemical structure of the binder will result in a
mispositioning of the media during operation, or a direct loss or misalignment of the

~ coating or particles; this.causes a loss of data contents. Studies have shown that
other than those caused by unwanted magnetic fields, that there is almost no loss of *
data contents which does not stem from an alteration in some physical or chemical
property of the polymeric media components.- Fortunately, many conditiohs which
cause data losses through the physical and chemical deterioration of the media can
be controlled through the use of housekeeping techniques such as cleanliness
controls, temperature and humidity controls, regular media maintenance schedules,
"and computer tape operator training. In addition, security measure can be initiated
to prevent data losses due to mamch fields. ‘

Improper handling is a° common cause for both debris contamination and physical
damage to the reels and computer tapes. These damages inevitably lead to data
losses and costly reconstruction’ procedures. Sections 1._and 2. present methods .

" leading to the proper care and handling of computer magnetic tapes and flexible
disks and their associated systems for use by the managerial and operating persotael
at a computer installation, tape library, or long-term archive. ' : '

cr

" Media system designs which simplify the required functions of the operating:
e . ~personnel can reduce the potential damage to the- tapes. ‘For éxample, the design of
.. . the reel mounting hub mechanism on some types of tape transports encourages the
" operators to set the tape reel onto the supply hub- and snap it into .position by
striking the outer flanges of the reel briskly; this causes tape edge and/or reel
flange damage. This damage.can be circumvented through the use of a self-locking
hub mechanism on the drive which doés not require physical mounting force, or by a -
fully automatic self-loading, tape cartridge system which places a truly effective
_ barrier against the operators potential for inflicting media damage both through the
usé ‘of  excessive force and through finger contact contamination of the tape..
Self-locking: hubs ‘and self-threading .mechanisms which require ¥ery little
finger-to-tape "contact are now found on the newer high density tape drives.
. Operators often attempt to speed up their operations through the use of short cuts.
"For example, they will insert a missing write enable ring into the tape flange
without first demounting the tape from the drive. This often leads to.tape damage

, ‘ 5
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m the form of creases on 1he length of tape which has been extracted from the

v

.

x's
Ins(allatlons have’ reported that a considerable amount of paper prm'ter dust has

" - been foundon computer tapes whose drives are located in the same general area as

. the printers. The_effect of this paper dust on tapeswarnd drives-is exacerbated by

drives whose windows have been left bpen intentionally by operators during tape
ope.ratlons. Data: processmg installation managers are responsible for many of these

_ problems, particylarly when they do not 1n51st upon the mamtenance of proper and

*clean*worlemg cawwnd,,hablts S,

\
. ‘ o

‘The following are the prlnclpal causes for medla damage and data losses on

computer magnetlc t?pes. :

A
“

(1) Physical mlshahdhng by operatlng personnel.
¥ (2) Lack of proper training f&r medla handling persomnel.
(3) Poor on-site management.
- (4) :Failure to control temperature and/or humldlty in operational or storage
. areas. - .
(5) Contammatlon, debris, and cumulative wear products in 'the tape pack
.caused by poor;tape manufacturing control, operator mishandling, and by.
defectjve tape fransport components..

-(6) Misadjusted or. ' misaligned- transports or other tape winding equlbment .

which cause lmproper tape tensioning and winding.
,(7) ' Lack of environmental cleanliness control and faxlure to adhere to proper
- .."clean operating practices.
(8) Subjecting the recorded miedia to elose-in high mtemxty magnetlc flelds
(9) Failure to properly select and pretest media for use in long-term storage.
(10) Failure to properly prepare and to ship media in proper containers.
" (11) Failure to initiate protectlve measures against catastrophlc events such as
fire_and flood.
(12) Failure to prgvide a proper tape and System malntenar;ce schedule.
> (13) Failure to perform visual inspection of the tape, the tape reel flanges, and
hubs prior to operation or storage.
(14) Recording the data on computer tapes usmg modulation methods which are
’ very sensitivé to media éold-flow distortion with time in storage. For
-example, storing tapes which have been recorded at 32 bpmm (800 bpi)
(NRZI) has been found te sustain a high rate of,data loss with time (see sec.’
2.1.1-(4) andtreferences [8] and [9]) :

4

-

. "In addition to magnet;c computer tapes and flexlble .dlsk cartrldges, the

recommendationsyin section ‘1. are also apphcal;le to other types of flexible

" magnetic media such as cassettes,’ cartrldges, and in'many areas for magnetlc strlpe

plastic cards and l‘lgld disks.

s

Note: The mention of specific sources and manufacturerd is not to be construed as

an endorsement by the National Bureau of Standard$ of these items over other

-available equivalent items. Jn most instances, the reader is directed to references

[2],(20],[11], and[1g] which contain listings of specific, manufacturing sources for
many of the items under dlscuss10n. - -

o
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. Fire Recommendations
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Sectlon

Cqmputer Tape Physmal Handhng
Recom nw\datlons

S . -

. Clean HandIing Recopjmendations

-

Environm erital Recorh mendations

-

Transportdtion Recommendations

Effects of Extreme Environments
on Computer-Magnetic Media

n

Water Recommendations

> ) .
ETfects of Magnetic Fields on

Recorded Magnetic Media

1.10 Exposuria to Fields and Dev1ces

Recommendatlons .

1.11 Questions and Answers Relative

to the Effects of Magnetic
Fields on Recor\ded Medla

-

3

" Pescriptions of Recommendations in Section 13 - o

- environments,

L ‘ ) . e ‘
Description ‘
. Describes the controllable physical handling

activities which should be 1mt1ated durlng
normal ‘operations.

»

Describes the proper clean ' operational -

modes which prevent media and system
cor@amination, and data losses. .

Outlines the ™.

temperature-humidity environments for

computer tdpe operating, storage, and test '

areas.

Outlines protective- m‘easures for computer
tapes in ~ transit  through .

Discusses the- results ‘ot some experlments’

with computer magnetic media which were
performed in hot and cold environments.

* Qutlines fire safety measures and some
possible recovery methods for tapes which
gave been subjected to an extremely hot

environment.

Outlines some water l‘a.fety measures and
some possible ‘recovery methods for tapes
which have been subjected to water
inundation or immersion. '

Discusses the results of experlments “with
magnetic fields and their potential for. data
erasure.

Outlines the effects of a number of devices
such as airport metal detectors, and' fields
such as x-ray, radar, and high voltages on
recorded magnetlc media of varlous klnds. -

Answers a series of questions whlch were
posed by the Office of Management and
Budget (OMB).

' p
G

3see references [13] through [21]. In some cases, 1nd1v1dua1 referenceﬁ will be cited in
' the text.

T .
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-5 ™ " Seetion o / chrlgtlon

1 12 Magnetlc F1eld Recommendatlons Outlmes measures and materials - for .
protectmg . computer magnetic media

. o S ' \ ‘against’ data erasure by u‘hwanted magnetlc-
T . I fields. - : \ LN
. , i- -\ VR - :
. 113 Scheduled Computer Tape ‘Dlscusses * some problemsﬂ whlch are
)’lamtenance ‘ ' - encountered in setting up a scheduled tape"
] \maxnténance PrOZraAM, - =~ womie o
. 114 I-S'c'h‘eduled @omputer Tape * = - o Presents & c‘omp"il'at:ion of dwerse :
C Maintenance Recommendations ‘recommendations  for scheduli the o
‘ - : cleaning, “evaluation, and rehabifitdtion of - .-

computer magnetic tapes. It is offered asa

. guide to - decisions by individual . l'

_ ‘or\gani_zetions.
1.15 Flexible Disk Cartridges and . Outlines - ‘care’ and handling procedures for
1.16 Flexible Disk Care and Handhng flexible disk cartridges, including those
Recommendations in 'the office env1ronment._

1.17 Computer Tape Transport Care Pr sents some maintenance factors related

o ) ‘ _ he read/write heads, the tape path, and

. . ' [Je dynamus. :
i}

Note: The original,- customary units of measurement for all numeric values used in
this publication are either U.S. engineering units or. centimeter. _gram second -
electromagnetic units (cgs-emu). Numerie vgtues in the International System of Units
(S have been derived from these customary units; The SI units may have been
rounded off and are therefore consistent with, but not exactly equal to, the customary

" units, Either the SI or customary units of measurement may be referred to, but the

- two measurement systems should not be intermixed or reconverted. Conversions frdm

" eustomary units %o SI units have been performed according to IEEE Standard 268- 1979
IEEE Standard Metric Practice.

s
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1.2 Computer Tape Physical -
: Handling Recommendations
(1) . ‘Handleand lift a tape reel by its  (a)
hub, with minimum flange contact.
‘or pressure; thé hub is the ’
» ' strongest reel member, .
Sl e e
(e)
(2) = Never make direct contact with (a)

the tape through-a window or -
" aperture in the reel flange.
When loading tape in a manual B
' threadirig system, place a finger (b)
into the indentation in the raised -
molded disk on the side of the
flange in order;to rotate the reel.

(3)  Never strike the reel flangesas a (a)
means of securing arid mounting
the tape onto ‘a transport hub. (b)

~ (4) Write enable rings shotlld be "« (a)

removed from all recorded
computer tapes which are plaqed .
mto libraries or archives. . (b)

(5) Always completely demount a tape (a) ‘

.before replacing a missing write
enablé ring.

- debris contamination.’ That is, careless

.. Remarks

-Tape canisters are designed'to .
support .the tape reel by its-hub T

" - while wrap-arounds firmly support r -

the tape reel by its flapges without . . 4
sidewal] préssure. - , -
Poor winding can produce lrregularltles '
in the tape pack4 in the formof . = - -
indiyidually protruding tape layers. . -
_Thigplaces thése layers in danger of

physical (edge track) damage due to :

flange contact pressure during handlmg.

Some installation managers have noted -

“that tape edge damage is the prevalent
" cause for tapegdata losses followed by

handlipg and misadjusted drives are two
‘ pl‘lnClpal causes for tape failure.

There is a high potential for causmg
edge track damage through direct °
finger pressure on the tape (see sec. -
1.2-(1)(b)). -

Self-threading tape systems eliminate
this potentlal form of tape damage. ,

Apply- most mountmg pressure dlrectly
on the reel hub,

A self-latching transp¥rt: hub which
requires minimum tape mountxng
pressure is a good means fpr reducing
edge damage potential.

This prevents the destruction of the

recorded data by madvertent over-
.writing. ‘

Some Tape Management Systems do not -
. require this removal (see sec. 4 2).

A length of tape whlch remains in a
Vacuum column can be creased if the
tape is not completely rewound and R
- removed from the transport before B
replaclng its write enable ring. .

4The tape pack is the eylinder whlch is formed by the tape after it ls wound around the

reel hub.

18
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- , 12 Computer Tape Physical

. Handl Recommendatlons "
q

(6) » Make certaln that the tape is . (a)
- correctly threadéd before
activating transport. o o*

@ .Make cﬁtaln' that the tapes are - ° (a)

o
Lo moun#®d correctly and evenly on .
the transport hub before _ _ '
oo continuing with the loadlng .
T ’ operatlon. : .
8 “Close’ and secure tranSport doors = (a):
.+ and windows when the tape isim **.
motlon. S
(9 "Fape operators should be. ' . ) (ef
. instrfficted to report signsofa * 0 "
A sudden increase in transport ;
S debris formation (see sec. 1.17):‘ )
r‘) .'. )
- -  ®
R Y © (e
)‘,,{m‘;.. ‘ , : \ . - ) ’ A_.
2 " - v 'h_;... N
‘ A -1 "; 'é . -(gl)
» ‘;‘\(10') Do not mount a tape Witha: = . ;f":(a)f.'

. damaged (i.e., bent, chlpped ST
. split, ete.) flange or hub. If ", N
+'a reel has been dropped, check it ' : (b)
q\grefully for damage and perform
Ca) and (b) if neé'essary S (e

L

r‘-. . o . R ’
oo . o L e A
R U PR L ' © ok ‘l
n } . o B .

«

Remarks

'Improper threac{l.ng can cau5e t‘oldlng

gnd creasing of the tape upon

accel%ratlon. i

Improper tape mountmg can gause

; ecceMtric.reel rotation whjch results,

in' poor tgpe guidance, edge track b
damage, and tape cre 1ng. S

.

I;mproperly closed (sealed) doors in the
;-vmmty of transport vacuum col
" egn result in loadln‘g and runn}ng

difficulties.” .
Electrostatlc fields produced by the
runmng tape Will attract dust onto the

- tape surface through open transport
' wmdows (see sec. 1. 10-(11))

Excesswe debris can be caused by a
misaligned, burred, scored, or def ectlve
component in the tape path. This may

. result in abrasion damage to tape:

surfaces and edges as they are run over
these components which ineltide guides,

_capstans, heads, ete..Immediately ~ - .
report,ocate,’ replace, ar- correct_ R

alignment of defective part.

. The onset of excessive debris wil s

usually be accompamed by an 1ncrease -

e da‘ta, error rates.”
c) The increase'in debris may be caused by
' -a tape:with a faulty coating. Clean the

entlre tape path and try a known good
tape.” If the tape is faulty, recopy it

:im mediately onto a new tape.
" See table 1. in section 1.3 whieh -
. .describes: transport cleamng materlals

‘Do a slow speed~w1nd-rew1nd onto a

" new. reel which.has been checked for -

cleatliness and physical condition.

“Make certain that a.new, proper tape o
" labelds gffixed to the new reel. ;
‘Read tape; particularly eheek edge

. tracks. Recopy tape if there is édge

: -.:track damage (see secs: 1.2-(23) and :

2-*(24)). "

»
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c 1.2 Computer Tape Physical * - ) Remarks _ . )
_ Ha.ndhng Recommendatlons LT N
1 : - 0.
. (11) Investlgate and correct ‘the causes . (a) Poor w1nd1ng may be caused by g
. X for improperly wound tapes whieti - misaligned or worn guides or nraching -
. . - appear when run on a: particglar- °~ ~  winding tension is toa low (see sees. =
T stransport. Stop'the transport  + 12<(7)and 1.17).. . ) .
D 1mmed1ate1y,lf the tape,pack is _(b) Thl.S improper winding tension can SR
e el w1nd1ng conjcal]y-and is’beginning .= ; : result m~both ,tape faoldows wpon . _ . :
4 ) “ to jam against a reel flangec bl - acceleration or deceleration lclnclpng),
B Rew1nd the tape at once and check and in 1rregular tape edgé whlch result
o lt for damage (see sec. ‘1.2- (21)) in a rough tape pack. o
_ (e) If the rough-appearing pack has been' 3
- caused by the original tape slitting -
: : - -7 process, replace it immediately. .A - o
N o, - poorly slit tape will usually produce b
. ~ S debrls at a high rate. .
(12) Avoid splieing a broken computer (a) After data recovery or recopylng,

. magnetlc tape unless it is ’  either. discard or @ut the tape so as to
necessary in order to recover - remove the spliced region, Retain’
information in the split region. . those lengths which are deemed to be.

\ o _ .- applieable for continued use. ’ ¢
. N : g : - (b) Apply. BOT-EOT? reflective markerg.as -
R . : . required on the useful segments. 7 y .
o : ~ (e) Check and update the reel. label. .
I§$\Secme the- tape leader w1th a ~ (a) This also applies to self-loadmg tape
#7771 sponge rubber grommet or vinyl . cartridges which are being shipped or
* ' strip before replacing it in its going into long-term storage. Make a
[P camster or wrap-around notation on the reel that the grommet
, , . or strip must be removed before - .
. CoL : mounting the self-loading cartridge on ~
. » ~ the drive after étorage or Shlpplng |
: ! L 4
-(14) Avoid high speed rewind on any (a) ngh speed rewind tends to produce ' -

. tape which is scheduled to be ~ . uneven tensions and looser packs with
stored in an inactive status for a greater téndency for producing -
any period of time. - protruding layers. These looser packs

_ . v ' . are susceptible to edge damage and
v : ‘ o cinching under acceleration or
S S - - deceleration. One causal mechanism is * =
B “ P : _ v . the lower layer-to-layer winding, '
' E = . pressures which are' caused. by air
- - . entrapment during high speed winding.’
- Tests have shown that interlayer - - -
e L. : trapped air in instrumentation tapes

- ¢an be eliminated through the use of a
packing roller which permits tight tape
packing even at high winding-
speeds {22). - :

5Sée'list of symbols and abbreviations in séétion 9. o a ‘ P

S,")
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**ﬁs label or a record card. holder in

1

1.2 Computer 'i‘ape Physical
Handling Recommendations

-l

L \ N " -
(15) Do not plaee any permanent
i° " magnet or other source ofa - |
"~ magnetic fieldinto direct contact

. with a recorded reel of magnetlc

(16) Return all tapes to the hbrary or
archives- as soon as possible after
the completion of thelr run.

- “

) : ' 4
(17) Don't store or leave magngtic
tapes mounted on tape transports

" which are turned off or are out-of

lBe.

(18) Never stack the computer tapes

horizontally, always store them in

a vertical (on edge) position..
Never stand a tape vertically
directly on its flanges; it must
be enclosed in a canister or hung
in a wrap-around.

B (IQ/Each tape should be properly

labeled either with an adhesive

1ts front flange. :

| (a)

(b)

(a)

(a)

(b)

. Remarks . ..

Slow speed rew1nd»6an also-be-r
performed on a tape cleaner with good
%.wind-rewind and tensmmng
characterlstlcs.

Sée sectlons 1. 11 and 1.12 fora
detailed discussion of this problem.  *
.The effeets of many-different types of -
energy fields and,equipment's such as -

- x-ray, radar, nuclear, pressure, )
:,temperature, alrport metal detectors, £,
ete:, are discussed in sections 1.9 and -
1.10. Keep all permanent magnets at

“least 76 mm (3.0 in) away from

recorded tapes. .

This enhances ‘orderly bookkeeplng
procedures and diminishes,the potential.
for the misplacement or t‘e loss of
tapes. -

‘This also minimizes the potentlal for

adverse environmental effects on the

- media.

@)

[

Thjs can cause tape misplacement or
loss,.and there is potential for

’ damaglng ‘the tapes when .the tranSport

is, reactlvated.

Horxzontally stacked tapes can put *

-_pressure on the edge tracks of

'

i

@

()

s Current contents. :

12

rotruding layers. .~

se small mobile carts with vertical
tape slot aceom modations to both hold
and transport tapes between the hbrary
and computer center. .
Horizontally stored tape packs can ~ 4
begin to separate if they were wound

: under a low tensmn. _

These labels should be applied before

_the write pass and should have the - %[ -

_follow1ng (optional) type of
information:
..Date of write pass.
. Serial and file number (also entered
in a tape history log book) .

. Recording density and mode. ’
SN

21



7 1.2 Computer Tape Physical
-- Handling Recommendations

New tapes should be given a full
length, slow speed wind-rewind
pass before the first use.

: "'A": (iO) |

o
A

Each reel of tape should be' |

o e '(21)
R inspected visually before use,, - -

particularly if it is being assigned

to long-term archival service.
Also inspect for the'applicable.
conditions in section 3.3.2.

i : . S [ S —

(@)

“- conditions when some Tape

(b)

" time the tape is us
of first use, and dlsposmon of tape

Remarks
. Current condition. . oo T
. Manufacturer ldentlficatlon .

There are speclahzed labels which will -
assist with an organized tape cleamng
and-evaluation program: These labels,
in addition-to most of the items in (a)
above, have boxes for checking off each
and cleaned, date

after evaluation, . .
Also see section 4.-for labelmg

' Management Systems (TMS) are 'used.

(a)
(b)

~ cleaner (see sec. 3.2.1).

‘Make certain that the transport is .

adjusted for “proper winding tension.
Alternately, it is recommended that .
this first pass be performed on a tape

Inspeet the tape pack and.reel for

(a)

(b)

(e)

Folded over tape layers: this is called .
cinching and can be caused by low

or irregular winding tension regions in-
the tape pack which slip upon tape
acceleration and deceleration.

Curled or wavy irregular tape edges:
this edge distortion or damage can be
caused by a stretched tape edge or a
long serateh along the edge.

A non-circular tape pack shape° this is -
referred to as buekling or Spoking. - v
Buckling results in a non-symmetrical o
tdpe pack; spoking resultsin a . ¢

. polygon-shaped pack. Both shapes can

()

be caused by a loose pagk which is-
sometimes due to temperature induced
hub contraction, or to low tape winding ‘
tensions. 'The hub contraction effect =
can be minimized by using hub material

such as aluminum whose-thermal -
coefficient of expansion is similar to

that of the tape pack material. 1tself

(see sec. 7.4). .

. Scattered tape wmdmgs with protrudmg

tape layers: this can be caused by
poorly slit tapes or by ‘misadjusted or

‘poorly designed tape transport

13‘“

mechanisms; it also results from high
speed rewind operatlons. -



" .1.2 Computer Tape Physical
Handhng Recommendations

-

__‘V,M«,’“""" -

-

(f)

. .(é)

(h)

(i)

* can be-caused by a longitudinal scratch

‘Remarks:

. .
Cupped tape~ this is a tape whlch is not
flat transversely from edge-to-edge.
Cupping can be ‘caused by different.
hygroscOplc and thermal coefficients of
expansion bet ween the coatlng and the
base materials.

An elevated bumpor ridge on the
outermost surface of the tape pack as
observed between the flanges of a
vertically oriented reel of fape: - this -

s

. '.?:’(.__'

along a long length of the tape surface.
The seratch is usually caused by a burr .
on a guide .or head surfface.
Blocked-tape: - this is layer-to-layer
adhesion which is caused by long term"
storage d¥ the tape in an extreme -

‘temperature environment. Blocklng

can cause delamnnatlon or tape coating
pull off. PBlocking will manifest itself

in the form of erratic tape motion and -
gross errors in the delaminated regions .
(see sec. 3.1). . - :
Loose debris: ' this may consist of

" coating particles or shreds of edge

slittings. This is usually due to -
defective blnderst ‘poor manuf acturi‘ng
control or 1nspectlon methods, and to
defective or burred components in the
tape path. .

Unfisua) tape dlscoloratlons caused by
changes or: deterioratlon in the binder

- chemlstry.

o

)

.Cracked, chipped, bent, split, warped
or otherwrse mechamcally defectlve
.reels,

Distortion defects such as clnchnng, :

 spoking, and scattered windings without

permanent damage, can sometimes be
corrected by several full length, slow

‘speed w1nd1ng—rew1nd1ng‘ cycles,

followed by relaxation in the proper.

‘T-H environment for approximately 24

hours. In more difficult cases,
particularly for recorded tapes with
valuable data, perform the suggested
operations in section 1.2-(23). - In the

‘case of ridged, blocked, scratched, or

" discolored tapes recorded tapes should

_ 2‘34’

be recopled lf ,possrble and unrecorded B
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A

1.2 Conmiputer Tape Physical

Handling Recommendations : T
- ' e "_‘ tapes should be discarded or stripped.6
o f L . N _‘Contaminated tapes can be cleaned,
; A *‘g\ o , rewound, and relaxed before using; if
. - Lo o . the tapes are new, contact the vendor - .

' . B ~.and request replacement tapes.
w» (22) Never place a recorded tape into “(a) ‘Tt has been found that tapes ‘whieh |

long term storage whic¢h Ras.hot. Jhave not been run over. their full length °
been.given a full length, stow’ -~ (gue to file positioning) will be prone
speed**wnnd-rewmd pass prior to’ t clnchlng when accelerated or

(b) Normal w1nd1ng tensxon prior to storage
is generally given as 1.7- N (6 ozf) to
2.2 N'(8 oaf). Excessive tension causes
tape.stretching and curvature while-
very low tension causes winding
separation and tape folding (einching).
These deleterious effects become®
apparent on the initial guns after
1 long-term storage. . { '
(23) Immediately check and recopy any. (a) Although ;complete recopying may be
recorded tape which appears ' difficult, it is mandatory to attempt
- physically or chemically damaged to read the tape as soon as possible
(i.e., creased, cinched, distorted after the defect is noted. o
* edges, skewed', discolored, ete.). (b) In difficult data recovery cases in -
o : which backup tape data does not exist,
the followin, may be attempted:
(1) Relax for 24 hours in the
. * operating en ronment after
~ winding and rew1nd1ng it over its
full length several times at slow
. _ speeds. °
c. Do ‘ - :  (2) Try to recopy the data onto new
: _ 7 o reels. If unsuccessful:
' "~ . Try adjusting the system
S o - eleetronics to improve the.
o Lo S . reproduced signal levels -
, B C (readjust back to normal after
« : : oo T completion). - :
: ¢ ' AL "% . Trytoread on dlfferent .
: ’ ~ computer tape transports, »
. In some cases, balky tapes can
be read-:suc'cessfully.in reVerse'.

’

' storage. Make sure that the drlve, - decelerated after storage. This is . )”
F e is adjusted to produce proper ° caused by the tension differentials’
winding tensions and smooth. tape which develop in the wound tape pack
packs. L due to the partlal passes over the flle '
3 U areas. = ;

<l

«

6Strlppmg is the process of exc1s1ng the. defectlve portlon of a tape (usually the 1n1tlal Lo

footage) : . v . e

il ) < » _\, ) o 15 v.' '



- (25)

»

1.2 Computer Tape Physieal
Handlmg Recommendations - -,
. T .

(24). As a rule, avoid the application
of external pressure against the
physical tape-head-interface as a

. means for recovering data

~ through improved head-to- tape
contact.

Degauss (i.e., demagnetize) the
read/write heads and other ‘
. magnetizable metal components
~ such as rollers, capstans, and
gu1des Qn a scheduled basis., -
(26) Imtlate an operator tralmng
prog'ram. '

Mafke certain that there is at

least one person on-site who is

. ,responsnble for the activities of
the operators and for adherence
to all of the recommended
prmclples m sectlon 1. C

(27):

>

(a)

®)

(a)

(b)

_ Excsswe external pressure 1ncreases B
tape and head wear as well as the
‘productlon of debris. However, this. .

- process: may be*attempted sparingly if

Remarks

et e - I - b o
g L 4 . .a_,-. N RN =5,

. If tape vature is causmg read .’ o
- skew error, try 10-15 full - . T
straightening pas\s on the tape - e
. drive to reduce curvature before : \ L
' reading agsin, S
(3) Ifthe data is sufficiently valuable, CoE
try the following item (24) only - o
. over the defective portion of the
tape as'it is being read. This may . -
be useful for a cupped, clnched or
edge distorted tape. - - :

>

the data is deemed to be of sufficient
value,* Apphcatlon of this pressure

~ when the tape is'in a constant getry © . **
‘mode over a small area can result in

the serious shedding of tape cdating.
A clean, soft, non-sheddlng material
wrapped on a slender rod is
recommended, rather than direct finger
pressure which may produce ,

-

-unnecessary contamlnants in the -

system. ,

« .

‘See Mag'netlc Field REcommendatlons C o

se_ctlon 1. 12—(5)

Extracts from tlns and other ref erenced _
publicatibns may be a useful source of -

* training inf orm atlon.

. (a) :
-oriented and'should have the backing of-

This 1nd1v1dual should be techmcally

© dsis

upper management for any personnel
decisions that are made. .
This individual should be capable of

-analyging the causes for media

. problems and lmtlatmg 1mm edlate ‘

' 7Thls 1ncludes tralmng f or computer tape librariaris who also handle the media On a

-. daily basis. There .are computer hbramandevelopm ent workshops WhICh offer:

, appropmate courses for these personnel
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1.2 Computer'l‘ape Physreal o - : Y Remarks T
Handlngecommendahons S o -
N e - -t -' correctwe actxon. ThlS person sh uld
A R .~ maintgin+a schedulesfor inspectio

ucleam\ng, repair, and replacement of
 System. components as’ requlred .

)

(28) (Opgonal) Monitor the condxtx ;;’ (a) ‘These. contaol tapes, should be recorded

. #of the tape library or archv/e by N ‘with a testsignal at the same density - .
- mstallxng cohtrol tapes into ~ - and on the’ Same system as the stored - . 7
storage ‘aldng with the regular. . . ‘tapes. They should then be inspected S
- . tapes. This will'assist withthe .. - ona scheduled basis for - phys1cal el L”, .
_detection of data and/or. medla -’ condition and data errors. S '
deterioration Whlfh has been -~ "'(b) The number and type of control tapes et
caused by the loss of systém ‘or _ are based on:, S
: . media quality or enyironmental - "+ The size and the 1mportance of the' BRI
, S controls (see sec, 2.1. 2—(3)) .~ «i _ files'and records. - e R
S : e <.\ The number of stored, tapes - S
- T . . . . W . . emanatjng from mdmdual R s
. S ’ ©‘manufacturing solreces. a '
- ', - .« The Rnown history of partlcular tapes
o ' in storage. . .
( S Note. It is suggested by some sources that

% .. tésting a 3% random semple draWn,from a’

- . : ' large filé¥is’a good: statistical indicator. of -; -
e - .. the condition of the total flle. (See sec. S
B R & X TN | S

_(29) (Optional) Institute diagnostic *~  (a) ‘These programs assist the techmcal

' programs such as-peripheral test “"personnel with a means for- determlmng
sequences N .+ the source of media problems i in the
_ s s ‘computersystem. S
- (30) '(Optlonal) Imtlate a scheduled (a) -S_,ee se'ctlon 3. - | S
\ tape maxntenance program S S
- (.31) (Optlonal) Imtrate error- logglng ‘ (a)_'-';'In lieu of off-line e‘valuatlon o( tapes S b
. software programs which provide - (see see, 3.2.3), these error lo I
- an ana1y51s of the tape errors. : "~ .goftware; programs fermit tapes to,be

G _ "+ evaluated on the ac¢tual system prior-to -
. .. .. or'during their apphcatlon. Fof

... example, one such program g1ves (see -

. : . L . : K sec. 404)0 R . . . o
N R . Location of tape errors. ¢ =

. A . Length of tape errors. S

-« Total retries pﬁr tape.

. . Which ‘tape should be cleaned

dxscarded, or, strlpped

-

(32) (Optlonal) Instltute a Tape ' Ka)__ij:These software systems encompa_ss W .
o Management System (TMS) " .’‘numerous functions beyend. those i ISR

. ixtem (31) abqve (see sec.
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1 2 Computer Tape Physncal .
Handhng Récommendatnons i

\

(33) (Optlonal)-lf necessary, gse.a . ()
- cdommercial-tape repository f for S

storing, zmportant backup SO -
" -tapes. : ;‘_ ' o 'n. .
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'Before usmg,any repository, request
the following information: =~ -~ .-
. The temperature and. humldlty ranges
which are mamtamed m the storage

., areas (sée sec, 1.4). . '

" . Thelevel of cleanness and how it is
.« ,achieved. and' mamtamed (Qee secs.
"1.3'and 5;).. ¢ .
. Is there twe axr pressure"
. Are there eclpltrons" :
. The fire, water, and magnetlc field -

security measures (see sees. 1.7, 1. 8,
and 1.12). _
. Are there mdmdual tape vaults or -
safes available for additional security
_within the reposltory (see sees. 1.7 :
*and.1.12)? .
@’ ‘The accessibility of the stored tapes
- by unauthorized personnel, including

;" . other subscribers to repository space.

Does each subscriber have separately
$ecire areas? -

e . What are the security’ sereening -

measures for persons entering the ."‘ :
repository area? C

" . Are the stored tapes ‘aceessnble upon

. demand? :

. Is'there a 24 hour guard system?

Electronie, human, or both?, -

b Y]
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. . .
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! (2) . Keep hands cleaninorderto # (a) Oils wnll trap dust and other

i

13 CleaneH\andlhg Reeomm_qtdations. _ Remarks . .

<

(1) Minimize finger contact with (a) Fingers are a source of tape
- computer magnetic tapes. contamination. Fingerprints on either
o surface of the tape will eventually

cause contamination of both sides.

retiuce normal skin oils. The use environmental contaminants such as
- of lint-free (nylon gloves) is - lint onto the tape surface; these
highly _recommended. ' eventua]ly produee tape errors (see sec.

J 3.1). _ %,

| [

(8) Never.allow the end of the tape to (a) This will contammate the tape &nd

. touch an unclean surface such as spread the dirt onto transport guide
the floor. -+ components and the read{write heads.

("1) Never smoke, eat, or drink j )n the (a) Interestingly, a speck of dust on the

computer room or the tape‘library. tape which is only 12.5um (500 uin) in
E diameter can cause a 70% loss of signal
- : level at 32 bpmm (800 bpi). Assigning a
_ e - smoking area anywhere in a computer :
P T , room containing tape drives is bad
' ' ) policy, sincgetape in motion produces
electrostatiields which will attract
airborne smoke particles. The

.,. Lo / ‘ o detrimental effects of eating and :

~ drinking in the computer room are

. ~ self-evident.

(5) Do not bring dlrty or dust covered (a) Asa baSIc rule, do not perform any
obJects or equipment into the operation which.produces or spreads
cOmputer room or tape library. __debris in the vicinity of the tapes.

- (6) Do not remove the computer tape (a) The canister and wrap-around can be .
from its canister or wrap- ound - made to provide the eleanest '
- until it is ready to be mo environment that the tapes will °
on the transport. Do not use wrap experience at any time during their
arounds with reels that have open - normal lifetime. Open windows or
. apertures (windows) in their flanges - apertures in the flanges circumvent the

particularly for long-term storage effective dirt sealing effect of the
. wrap-arounch Keep canisters closed
af ter removing or replacing ‘the tape.

C

. *.
& 4
: ._ LS c . - . - . .
S ' oo - : e
'8Also see section 5. for a. comprehenswe discussmn of clean room stanc"ds, types,
and'operational guidelines. . ' . o
S SR S S 1
ER O S ,,28 |



CLEANING SOLVENT
> - N’* o
1. Freoh TG
- .
)y: :l-..
2 Xylene

P

3. Isopropyl Aleohol

4. Methyl Aleohol (Methanol)

i' /';

(d) Noﬂ*—sﬂammable, low toxicity.

CHARACTERISTICS _

.(a) Does not adversely affect ‘
lastics, or neoprene.

- polycarbonates,
(b) Cuts oil and gréase.

P
(c) Has fastest rate of evaporation of
the cleaners surveyed. R

~ (a) Damages polycarbonates and
- acrylies; doesn't harm neoprene.

() Cuts grease and oil very well. -
{
(e) Slow evaporatno\rate.

(d) Extremely ﬂqnmab\le and hig‘hly
toxie. .~ ~

(a) Doedh't harm polycarbonates, .
acrylics, or neoprene. {

() Has limited capabllity to cut oil and
~ grease, -

)
K

(¢) Slow evaporation rate. -’
(d) * Flammable.

(a‘) Doesn't harm poly'carbonateé;
' acrylies, or ne'oprene.' | '

(b) ' Limited capabnlxty to cut grease and
Oil. ‘

(c) Fast evaporation rate.

1) Flammoble. _.

6% Solvents should not come in contact w1th the tape because, among other

things, they may sof{en the coatmg and cause sheddnng. (Table courtesy reference _
i : iy

[15] )

20
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(1) Always replace the computer

)

1.3 Clean Handling Recommendatibqs

tape intotheir canisters or
wrap-arounds immediately after
they are demounted from the
» transports. If possible, seal
tapes iri p'olyethylene bags

i

 (a)

Remarks

Note that the polyethylene bags'
prevent the loss of coating lubricants
_.through evaporation. “This not only
assures tape cleanliness but also - o
provides for phys1cal securlty of the
tape reel. . .

: partlcularly prior to shipping or
* long-term tape storage (see sec.*
2.1.1-(3)).

R (8) - Always inspect empty reels, : (a)

: ) . - canisters, and wrapt-arounds o ‘
fog, cleanliness before using them : \ : !
with a computer tape; clean if t.x '
necessary. ’

(9) - Do not place or store computer- (a) The effects of temperature and

‘ tapes on the top of a transport humidity on a reel of tape are discussed
smce this exposes them to heat and in seetion 7. Large variations in

i
See section 1.3-(6).

(10) ' Use reel identification labels (a) See-section 1.3(5).
. with adhesive backings which'do T -
not leave a residue and ean be g
removed easily. Never erase a -
label-—replace 1t. '

(11) Never use graphlte penclls or (a) Graphite pencils produce debris and the .

' water soluble felt tip pens on reel identification marklngs written
labels. ‘with water soluble pens can be lost in -

“case of water damage. 1In fact, avoid
' erasable marking devices.

(12) Check transport for debns (a) Thls reduces the spread of tape debns
regularly. Clean tape transport ,produects and self-contamination. -
eomponents such as guides, The redd/write heads will both collect
vacuum chambers, capstans, and ~ and act as reservoirs for tape debris -

- - read/write heads regularly and " . which eventually'will be permanently
frequently; clean heads typically " redeposited and fused into. the tape
after each eight to ten tape ; surface (see see. 3.1).
mountings and the entire system  (b) Table 1. is a guide to transport
once per.shift. Clean with cleaning chemicals. The cleaning of .
- lint-free pads and permit parts both equipment and-tape should be a
to dry thoroughly before mounting formal task which is specifically
the next tape. “assigned and scheduled and not -
‘performed randomly (see sec. 1.2(27)). -
21

t from the blowers; this also
fects' the cooling of the unit.
Also, don't store a tape in direct

sunlight.

t \

o A4
.. 7

temperature can produce ,considerable

changes in reel and hub pressure; t
can result in serious tape pack dam:
High humidity can cause coating 4
deterioration due to hydrolysis. (See™
sees. 2.2.1 and 7.1.) -




1.3 Clean Handling Recommendations

(13) In operational facxhtles ith
with positive air pressure, always
place the operating tape drives

“into high pressure locatlons, and
debris producing equipment into
low pressure areas.

" [

Unpack or store the minimum
amount of required paper stock,
cardboard, or other shedding
materials in the computer room..
Also, store these items in the

" low pressure area of the room.

(14)

(15)
be mounted or returned to the
library or archives in the high
pressure area of the computer
room.,

(16) ‘Do not store tapes close to the

floor. .

Wear lmt-freev. smocks or overalls
made of materials sdch as nylon.

(17)

.

, Do not wax floors or use steel
wool pads on a buffer machine.

Store tapes which are waiting to -

(a)

(a)

'(a)

- Remarks

Do not run.tapes on equipment which
have not been cleaned as indicated; -
clean immediately if excgss debris is
found (see stc. 1. 17).

Moving the printers, readers, card
punches, and other debris sources
downstream from the operating tape
transports reduces tape contamination.

It also places the drives upstream from
_any external dirt sources which may

attempt to infiltrate the operatmg
area.

These items tend to shed debrls (see

sec. .3-(13))

Do thlspartlcularly if there are
high levels of paper dust in the
installation?

(b) .Always store- these tapes in a vertical

(a)

(a)

(a)

position (see sec. 1.2-(18)). . Horizontal
positioning increases the édontamination

of the tape by airborne particles,
particularly if there are open reel
flange windows. = -

See section 1.3-(5).

It has I_been noted that'personnel in
computer-installations which formally

institute clean modes of operation will -
. - tend to perform hlgher quality work and -

display more pride in their job and.
orgamzatlon (see sec. 5. )

The wax is abraded by normal foot

- traffic and produces debris. : ~

Steel wool particles can cause

_considerable damage ina. computer

environment. N

31



S
) « 1.3 Clean Handling Recommendations Remarks =~ =
(19) Exhaust vacuum cleaners into ~  (d) ‘There are speclahzed, portable dual
special wall receptacles or out of - 'filtration vacuum cleaners which are
the computer area. Do not, use . claimegdito permit the exhaustion of
dry mops, dusters, or brushes for . ” only eanest possible air within the
cleaning. Damp mopplng is . computer room [12] _Filtration
recommended. PR o o . equipment in the air condltlomng units
' 4 also assists with mrborne dust removal
~ (see see. 5.). :
v (20) The shelves, floors, equipment : o o ' * ’ 4
: tops, and any other surfaces . o D -
which are capable of holdlng dust - e S oo
W should be cleaned periodically. . - o ' ‘
T, t ' T o
R (21) Clean the dust off of the reel (a) This is a disadvantage of the wrap- *
¥ ay;flanges before removing the . around as compared to the fully v
~ ‘wrap-#rqunds. especially after | - enclosed canister, although the -
. long-term sfomge ; _ narrower size of a wrap-around of fers a .
) - . space advantage. ‘
(22)': Keep tape transport windows (2) Open.wmdows permit dust to enter the -
- closed while operating. . - tape path; this is particularly enhanced
by electrostatic forces created by the _
moving tape (see sec. 1.10-(11)). .
(23) See section 5. for a listing of (a) These ineludes ~
clean room stardards and .« General guidelines for &ll types \
cleanliness guidelines for varlous of elean rooms and clean work o
v types of clean rooms. stations. See section’5.3.
. o e - .+ Guidelines for nonlaminar airflow
: ' T + clean rooms and clean work statio'ns.‘

: A . ~ See section 5.4.
’ : ' .. Guidelines -for laminar mrflow clean -
* rooms and clean work statlons. See
. section 5.5. ‘




, v : 1.4 Bnnronmental Reeommendatxons |

(1) Maintam the operatmg, storage,
and test areas for computer,
magnetic tapes at the following
recommended: temperatures, '

sfrelative humidities,"nd maximum
" wet bulb temperatures. These ' -
» conditiens were tabulated from*
company specifications.and
i, national and international

‘standards orgamzatlon documents. -

, _ The values in items (1)Xa), (1)(b), -
e " and (1Xc) appeared in the
- ' majority of sources:

(2)  An alternate experimentally
derived storage T-H
recommendation has been
presented in the small sample
case study for long-term storage
" as, follows (see sec. 2.2.1):

" (3) . The maintenance of a constant
" " - . T-H environment within the given
specification is extremely -
. important. Temperature and -
R -humidity eyeling cause large,
o deleterlous stresses in the reel
‘ ’ - of tape. - v

~ (b)" Storage Areas (Recorded Tapes):
(o B (ﬁzgg_

& : ?I'
marks : »> ‘v

(a) ratmg Areas (Recorded Taggs)
""%%mperature range: 160C-329C

(60OF-900F) =
. Relative Humldlty Range: 20%-80%

.1 . Maximum Wet Bulb Temperature. 260C

(789F) -

Temperature#ange 5°
- (400F-900F) © . -
. Relative Humidity Range 2096-8096
Maxlmum Wet Bulb Temperature- 260C
- (780F) -
: ‘(Unrecorded 'pres) :
. Temperature,range: 5°C-48°C
" (40O0F-120°F) -
. Relative Humidity Rang‘e 2096-8096
: Maximum Wet Bulb Temperature. 26°C
(789F) .
(e) Test Areas: . .
- Temperature range: 21°C-25°C BRI
(70° -770F) e
.. Relative Humidity Range: 4096-6096 :
‘. Note: Test the tapes after a 24 hour
condmomng period in the test faclllty.

\

(a) Storage Area (Recorded Tapes):

. Temperature range: 17 C-20°C

'(620F-680F) *

. Relative Humldlty Rang‘e 3596-4596 .

(b) Optimum Recommended Stonage Vault
Values:

- Temperature: 18°C (65°F)

. Relative Humidity: 40% : :
Note. See sections 2.1 and 2.2 whlch deal
with long term storage actlvmes in
detail. F

A}

(a) Damagmg stresses in the tape pack can

be produced by large T-H variations
~even if they remain almost within the
specified ranges. For example, tape
problems can occur if stored tapes are
subJected for a long period of time in
an environment'in which the temperature '
_cyeles between 12.8°C (55°F) and 350C
(959F) or the humidity cycles between
10% and 50% [6]} Excessive temperature
.and humidity conditions can also cause
tape layer-to-layer adhesion, (blocking) -
“even if they are maintained constant.
Extremely dry environments can cause

L
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S ‘
. 1.4 Environmental Recommendations ' ,  Remarks
oo . B | - . layer-to—layer adhesion due to static
o ‘ . o " buildup. Torn windings in the middleof a "~

R pack is a sure sign that the tape has been
‘ _ subjected to an extreme environment. '

.

"(4) Do not produce heat or water - (q).., This activity can affect the temperature
vapor in the computer room and humidity in these areas. As .
operating area or tape library ' previously noted, T-H variations are a

by using hot water heaters in - principal cause of tape problems.
these locations. Use an extérnal .- '
area for these cooking purposes.

~(5) - The coatings .c.m tapes which have  (a) This coating deterioration can be

. been subjected to very high reversed by storing the tapes in a cool
humidities can breakdown and . and dry environment for an extended -
bécome gummy. due: to hydrolysis. period of time (see secs. 2.2.1, 7.1, and

' - - . figo 3.)0 ' v { .

K.
o
a %y

.

.,
y
S 3
<
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‘1.5 ’l‘ransportatl Recommendations‘ o Remarks ‘

() 'The following are the ° °  (a) . Temperature range: 4°c-32°c
-recommended T-H ranges for (400F-900F) -
v tapes durmg tramlt : . -~ Relative humldlty range. 2096 8096

(2) ' There are a number of potential These hazards include:
* hazards which can be encountered _ (a) Dirt and water damage.
during the transportation of _ " (b) Impact and vibration damage which
computer t.apes. can loosen the tape pack. '
. (eX Extreme and uncontrolled temperatures
and humidities. These gre difficult to.
. control in transit. Procedures given in
_ : : section 1.5-(4) should be followed upon
R L ‘ s receipt. - '
o . L . (d) Stray magnetic fields. Try to malntam
s o - aspacing of approximately 76 mm
- e - (3.01in) between the tape reel and the

v - sides of the shlpplng eontalner. '
(3) There are preventatlve measures 'I"hese measures.include: :
.. - Which*reduce the shipping ~ (a) Proper final tape wmdmg tensions S
N ‘hazards.9 g " before shipping.

(b) The use of sealed, clean, water-tlght,
. erushproof shipping containers lined
, - with shoek absorbent materials. - -
- (e) .Secl}rlng the free end of the tape (see
: L see.1.2<(13)). -
. (d) Enclosmg the camsters in polyethylene '
. - (e Usmg proper contamer markmgs
, : . . indicating both fragile medla and
; _' oo : -~ vertical orientation.
: - . ) (f) Using specialized tape carrymg cases
~ which supply all,of. the necesgy safety
_ _ features and which aré design o
\ a ‘ transportation by the individual
-~ .~ ‘traveler [12]. Theselight cases have
. rugged outer shells, internal foam
. padding, tight seallng against moisture
- and debris. . However,-extra care must
be taken for vital tape records since
- these cases normally do not have the

-

_ 90ne of the largest tape user agencfes in the Federa&l‘t?OVernment (Social Seeurlty
o . Administration) used a unique type of packaging for moving “their extremely large tape
' library over ashort distance from their original installation to a new one. They used
hundreds of large portable coolers as packaging devices. These Successfully provided .
the tapes with clean short-term physical protection, temperature and humidity o
- control, and a waterproofed environment. Each cooler wluch held approxlmately 15 to
20 tapes, was reused many tlmejr durmg the move. ' .

26"
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‘1.5 'Transportation Recommendations

©
' 3

Thef oHOwing recommendations (a)

(a) through (g) give specific-
guidelines for the'handling of .
tapes which haye been transported

"between two.different T-H
~ environments [16}: ' ()

77..

" Remarks i

requ1s1te interior to exterior tape
spacing against magnetic fields.’

valuable addition to this carrying case

 (see [10], sees.-1.12~(1) and 1.12-(2)7

When a tape is moved from an external
environment to-a computer room’ '
envnronment, it should be accllmatlzed '

"~ inits plastlc canister t‘or up to 24’
4

One hour of acchmatlzatlon should be -
allfowed for each °C and each 5% .

. _relative humidity (RH) difference |

between the two environments.
The temperature and humidity -
acclimatizations run concurrently. '
Avoid a temperature change of 100C or )

.. more.*

Avoid tape condensatlon by avoiding
temperature and humldlty extremes.

If a tape has'been in an unknown
external environment fér up to gight ‘

hours, acclimatize the tape in the
computer room enviropment forat . * ..

least one hour longer than the known'
external time period. :
Tapes :?uch have been in an unknown .
extern environment for an unknown o

‘period of timeshould remain in their
;. paeking for 24 hours in the computer

room énvironment.- The tapes should .
theén be unpacked and remaifi in their"
canisters for an additional eigitt hotirs
in the computer room-environment.:

.. Finally, give &ach transported tape a
. full wind-rewind pass at the proper
. constant tension (typically 2 2 N '

-

;/-" .
.\o' Ae)

<
@
LNy
@),

o
¢
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.6 Effects of Extreme Enmronments on Computer Magnetle Medla

*

" Fire'is one of the most destructlve forces to wluch computer magnetlc tapes can be

subjected. Generally, direct contact with open/ flames  or an extremely hot :

- -environment reduces the probability of data recovery to very .close to zero.- The |
- direct ‘damaging effects of heat are primarily in the form ‘of physical/chemical

media changes rather than magnetic data losses. Excessive heat affects the
mechanical integrity of ‘the flexible media and the reels through the loss of

durability, warping, distortion, layer-to-layer adhesion .(blocking), -and bindér

" breakdown and softening. ' In addition, the binder chemistry w1ll be altered due to

the volatile losses of binder components such as plastlcxzers.

‘Theoretlcally, galnma fermc oxlde partlcles, whnch are the prevalent mag'netlc

constituents used in most magnetic storage medig, are’ eapable. of retaining their )
magnetlzatlon up-: to a temperature of  approximately 6750C (12470F); - this

' - temperature is “upbwn as the Curie temperature. On the other hand, cliromium .-

dioxide particles, CrOg used in some’ audio, and video tapes, have a‘ Curie -

to a heat related datal Tests were performed in order to. determme the effects

- temperature of approxlm’a:c 1350C (275°F) and are therefore far more susceptible. -

- of heat on the recorded magnetic information stored on tapes, cassettes, and plastic

credit cards [13). They were. performed over,a range of 38°C (1009F) to 1820C
(360°F). It was found that plastic digital ‘cassette housings and credif .cards began _to
distort physically at approximately 930C (2000F) and could” no ‘longer be handled
properly by their drives. Two reels of computer magnetlc tapes refused to load into
the tape transport after they ‘had been subjected to 1100C (2300F), The only

apparent physical change at this. time, was a loss: of tape stiffness. - At- first this ' ;
e appeared to be a permanent condition since these tapes had not recovered after six

weeks in storage.’” However, ‘after. two, ‘months, they were able to be. run againj

although ‘the data could be Tecovered, the o:ude appeared 'to be shedding badly. In -

such eases, the data should be reeopled a8 soon as. possnble onto new tapes and the '

iy #0777 shedding tapes qtscarded . o R

-

Every heat test which was performediyas termmated 'due to the- ph&Slcal fallui'e o'f”-f:'
* the media materials and housings rather\than the loss of magnetlc data. ‘In one testy

a recorded plastic credit card was constrained from warping by aluminum.plates in

order to isolate 'the physical effects’ of heat from its magnetic effects.” There wds"" ~ -
no data 1oss observed after the card had beeit heated" o 182°C (360°F) whleh was. -
v_tpe temperature llmlt of the experlmental oven. o

magnet12atlon at temperatures which are’ well belbw their Curie - temperature

However, the tapes may become stiff and moisture jnay condense upon thein«after};
being subjected.to very low temperatures.: Record d: computer tapes’which 'were

stored at -51°C (-60CF) for 24 hours. could be read ithout Téss after belng relaxed

one day. '. - ;v ~.;,-5;_g---:~,*:,._:*

- Generally, tapes which have been subjected to ‘ext emely low temperatures for long i
-periods of time should be relaxed and dried if n¢eessary for a number of days at

gradually mereasmg temperatures in_order to relieve the. strestses wluch developed,

‘28




layer-to-layer adhesxon, thls can Q&use tape tearmg and surface coatlng damage in
portions ot the reel. ‘ L

If the tapes have been sub]ected to inundation by, or 1mmersmn in water, there is a
high probability of data recovery so long as a high temperature environment did net
exist concurrently. The production of Steam or very high humidity in the tape: pack
can produce extreme pack pressures leading to significant tape damage. The’
hygroscopic effects of the extreme humldnty can also produce binder breakdown (see ‘

secs.221and71) : _ .- : T ’
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r. y 13 ll’lre Recommendatlons |
(1) ., Avoid the storage of combustible
t / , mater;als in a tape storage area.

A\gmd the use of open f lame

» Remarks ) . ;
(a) M1m m1ze the storage of paper, wood
- cleaning fluids, ete., in this area. Keep
,the area orderly, clean, and'
.unencumbered so that the spread of a
fire is slowed and fire fighting can be o
performed efflclently. S PR

(a) A live clgarette ash yvhlch lands on:
producers, such & mateltes and - : a tape surface éan cause: mstant tape
lighters in a tape storagé area. damage and data losses. PR .
Smoking should be prohlblted in .. T .
”- this area. . I “;_.‘;"’ T ; s : '_ :
: g
»Stg révital magnetlc tapes in . (a) Tlght Ly closed meta1 or plas

gfﬂfy ¢losed metal or plastlc
conta‘inegg -

Areas m\vhlch computer tapes
are stored should always be
designed with protection against
fire as a maJoncornslderatlon.

. ) s . ‘,'_,.‘ _,L‘ .
/ ' Lo .'.'g? e ’ . .' L

P )

',';‘\,""‘.

’ . . . At

) ’f -';‘-f4;~, s

Maximum securlty for vital
. recqrds can be achieved through
£, + theuse ogSpeclallzed
L hqgt-humldlty resistant
' T maghetic computer tape vaults
. - or'safes [10},[11} . .
)'_ '-__-‘

> : e o (3
’ : :
N o8

(@) 'Typlcally, these vaults are eangned to ' ’,5

~:agains flames and steai
g:éontamers are preferable smce they
: wr]i'not warp.

These conmc;Must iﬂ'clude."" o .
. (a) Tne overall type of building and room - S

by
construction; i.e., wood ‘or metal = . | lg
rames, metal shelvmg‘and walls, ete. 1

(b) The combustlblht}:‘gf ad]acent~or RV % i

. [surrounding areas 0 their | s Bf

~ ./ construttion or their mternal contents -\
/ such as flammable chemicals, ete. | _';',",‘w ",’.}‘
(c) The security measures which can be , 1

,/ des1gned into the tape storage area; : , . (2 A

- | le., sprinkler systems, finguisher - -
-4 systems, smoke detectorg and on-s1te i
. z guard personnel, ete. -0 (7 j
(d) Fire department d;stance\ and o
i _~access1b111ty. s \ : > 3
: AR b

N

' ‘maintain their internal - %" SRR

temperature-humidity range R

_ 65,5°C (1500F)-and, 85% RH- B o

i perlo.ds up to four Nougsy : 30

*° one hout. . )

" (b) The decisiorf for, is'based i

on1tems4(a)to L .

" ..For example, ;¢ hour vault should o

i with poor fire oy

Bwit) y nearby D

. _ apeas; few seeurity” .o

Toden i og‘aphlcal lgcatlon e
Ry :whlch is dlstant fron{ thejpearest* )

o g f1rehouse, say in excess ﬁen minutes, -~ . - i

. . _ S R TR o
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Proper installation of fire and
smoke detection/suppression —
systems can provide:an important -
margin of safety fotthe
personnel, the: ms!:alla'tlon,

,sthe ta hbrary, and archwes

' [2],[23 RN

(7 Carbon dlox1de (COg), Halon,
' and water can be used for direct
firg'fighting i m a computer tape

mstallatlon.. e
(8)
\(9) ’Properly wound tapes of fer miote
- { resistance to f ire and ‘water -
. T damage S A ’

I “,7,;» Complete area coverage; this may

(a) A. loosely or unevenly wound tape w1ll

potential after being subjectedto a * -

. A one-hour vault would be effegtlve : .
- when placed in.a fire: resistant buildmg
* With limited combustible’ matetisls or "

SRV * areas nearby, with & full seeurity: . ﬁ .

envutonm ent; i.é.; sprmklers, smoke’
detectOrs, Halon systems, on-site
".guard personnel, and a fire department
facility nearby and easy Slte

accessnblllty. ” Eo e
(a) These systems can (and should) I .
' provide: ' "
. Ea;ly detectlon capablllty through

D proper placement.

include under floor and above cellmgﬂ
- goverage, as well as inside equapment
when feasible. -

s . Air conditioner fan shutdown or System

- switch to a smoke ventmg modeof .-

- operation, - . o
. Strong, audible local mgnals, and '
'_ ‘remote off-site alarm signals lf the: =~ _
g ‘gnstallatlon is unattended.” . S
Alitom fo computer shutdown : : .
‘capability. - ‘ : e
: Aectivation of automatlc flre :
".'-.‘-~ extlnguxsrung equlpm ent.

(a) COq and Halon are clean and ‘do’not
- leave a.residue. Tapes which have been
. madewet with sprinkless or- hose: water.
should be treated as outlined in_ the :
Water Recommendatlons sectlon l 8

(a) These dupllcate or backup tapes should
be produced and trarisferred of f—sxte.
ickly as‘possible. Set up a firm:
‘schedule for. thls operatlon. (Also see

sec. 1 2-(33) )

allow’ more water to seep between

windings'and cayse tape cupping and s
other digtortions. - [
Magnetic tape is a poor heat conductor' S
therefore, a properly wound reel with'a® . -
very smooth pack has a better survival.

heat env1rohment than a loose pack

. . . . L . o d . N
. L . . att s R
. Xy . L S n



g Remarks

~ Serious damage such as ‘layer- to-layer
adhesion and coating breakdown can

4 S L e occur if a combination-of water and: -
~ s T . *. Y%~ heat produces steam and high humidity.”
' B ‘ ' in the tape pack. Temperature.and
T _ . humidities in excess, of q5.5°C (1500F)

a T L to oceur. Note vaultT-H
s ol characteristics in sectlon 1.7-(55

(10) If recorded computer tapes have - (a) Separate out those reels.of Whlch
-~ibeen subjected to fire and heat, " appear to have sustained the leas o

Ce S as soon as possible. -

. =~ . ‘residue from their canisters,

wrap-arotinds, and flange surfaces. Do

O N - S .~ this before opening the camsters or
AR T wrap-arounds. - . ,
R L - S o (c) Use the slowest speed ‘tramport .
T ~ ~ available -to perform at least two full .
L S ' < T - wind- rewind passes, - Instrumentation .
tape.recorders whichrun at 0.762 m/s
e - ' \ (30 in/s) and whigh can accomniodate =
P o T e o 12.7 mm (0.5 iny’'edmputer tapes are a
L Coe T w7 " gdod chigivgi/ Inspect the tapes as they
' . i . . ’ .. are beu# wound. If they are badly
.. S : ; - warped oF; aisplay layer-to-layer
» adhesion Wﬂch is damaging the coating,
" or are shedding signifieant amounts of
coating debris, the chances for data
_ R 2 : . recovery are poor. Clean the transport
e : , Ly .after edeh tape isrun. . .
o , 7 , ' (d) ‘Give the promising tapes.two full
et : : cleanjng passes on.a tape
oo L ~ cleaner/winder (preferably constant
T T o - tension typé). Rewind the tapes onto
L . clean or new reels and make new labels.
' (e) Relax these reyound and cleaned tapes
. : - for, ‘24,0 48 hours in the normal
® D AP operating environment_ (see sec. 1.4).
‘ (f)  Perform a read (and recopying) pass
‘ Y . (see sec. 1.2-(23)). .If the tapes will not
S S .."load onto the transport at this time,
’ © " store them. in a low humidity
environment and retry at intervals.
et : ~ {(g) Repeat item (a) above for next least
e N - ~-damaged group of tapes.

PR ar.
¥ L .y, ¥

e t ‘ " and 85% RHcancause media damage o

.,_.try the followmg° _ W amourtt of physical fire or heat damage .
R (b). Clean all fire debris, fly ash; and smoke"

‘_“'t't
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n'en'i‘arks

’ .

(1 1) ‘When a reel of tape is sub]ected (a') Aluminum' is.an example of such a hub

tohigh temperatures, it is. ? . material. Equal expansmn or SRR

SO advantageous to use reel hub e contraction reduces the increases or - e
v materials which have the same ~ decreases in tape pack pressure with -

: - thermal coefficient of expansion _ . _ .'-;-_Tchanges in temperature."
" as the tape. pack materials [18]. S L -
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(1)
inundation of the tape area,

In the aftermath of waiap i

. quickly separate the wet and dry

< tapes. Also separate the vital
recokds from the less 1mportant
ones [17].

\
D
EEA ..,

)

. (2) . Check all wet tape labels and

-

Begin a general drying of the

~ entire storage area, including .
shelves, floors, canisters, safes,
and vaults.. .

" (3)

2 4

(4) The tape drylng procws should

begln 1mmed1ately

- _.1.8 Water Recommendations SR

(a.)

Remarks

This will’ orgamze the Salvage
operation and permit & more rapid -
media recovery.. If'possible, move

' either the wet oF df'y tapes out of the

' storage area; sl"uf; whichever. group ' v

" consists of a smaller number of tapes. -

. Move all tapes quickly out of standing -

"~ {a)

. 'make sure that they are legible."

b)

..(c)

-V_(a)

" (e

134

.
LI

(b)

{c)

@

(a)

()

).

‘this. water.

water areas. Note: Beware of live*.
electrical power sources durlng these
actmtles' ;_

Replace or make exlstlng labels leg’lble.
Do not paste new label over the wet

-original.

If the library is under a Tape Management
Systems control, see section 4. . o

: Standlng water may contlnue to
‘inundate the tapes particularly if the

water has entered a closed tape safe or-
vault; dry these areas immédjately.
Quiekly open, check, and drain any

water which may have entered the tape

' canisters.
Tape reel hubs are often capable of

trapping and holding water; check ‘for :
this; shake and rotate reel to empty . =’

Use wet~dry vacimm cleaners to abt'rb “
all standmg water wherever accessnble.

Do not replace wet tapes into their’
canisters; this allows the air drying

' process to begin.

Hand dry ell external wet surfaces : :
which are accessible. ' ~
Do not force dry the wet tape pack '
with a heated airflow; this can cause °

high internal humidity which can lead

to pl'nder damage and layer-to-layer _
adhesivbn, ' e
Gently, separate the reel ﬂanges thh 3
spacers such as rubber grommets to

allow airflow through the tape

pack-flangé interface. This will reduce

‘the probability of tape-to-flange sticklng' "

damage when the tapes are first run. It
will also permit additional water runoff

from- the vertically standing tapes. e

s



1.8 Water Recommendations _ . Remarks

| (e) If possible, mamtaln a foreed, room
temperature airflow through thls

‘ _tape-to-reel configuration. -
"(5) The most bffective drying phase  (a) Never attempt to run wet tape on a
begins when the individual tapes = .. . regular tape drive. The tape will not .
' are run reel-to-reel on a device perform correctly in the vacuum .
such as a tape cleaner or winder - ' eolumns and there is a strong possibility

¢ (see sec. 3.2. 1) , " that the wet tape will adhere to the’
o . ' column walls or onto the capstan with .
ensuing tape tearing or other damage.
(b) “Run over cleaning tissues only, not over
‘the blades. _

4
P

(6) Tty data recovery methods even (). The following process successfully -
_ . after a perlod of total water * reactivated recorded tapes which were
. immersion. . totally submerged for 12 hours in unclean
’ ' river water:t+ - . )
(1) After all accesmble surfacks were
- o hand dried‘as described in section
o 1.8-(4), the tapes were stored in
_ - . . the normally recommended
L I : : . ‘ ‘ temperature-humidity environment -
: : N - (see sec. 1.4) for 48 hours. _
. - oo ' (2) The tapes were then run for six or
s ~ “seven passes on a tape dry cleaner
unit over tissue cleaners only.
, , (3) When tapes were reasonably dried,
‘ , Cos : then two cleaning passes were
: ‘ performed over tissues and clm
blades. :
' . .. « (4) The tapes were then’ 1mmed1ater

-

v ’ read and recopied onto new reels. -.
.. 'NOTE: Binder degradation due to the water
' absorgtlon was not yet apparent at this
T o time, although the potential for this to occur
. A ‘eventually was considered to be a cause for
' ’ ' concern. Therefore, recopying was considered
R - S ‘to be important by the company. It was 1\
P ‘ ’ . further noted that an ideal cleaning-drying -
. - . o - unit for thisgiver s submersion (or any dirty
i s o ' “water submersion) event would have been a
: . tape cleaner which used a wet cleanin :
- _ process. A number of tapes which had,been
o ' submerged in salt water for a period of time "
° . o " were also successfully reactivated. The
- o - same recoVery process was apphed. :

1°Apply the recom mendatlons in sectiqns 1. 8-(6) and 1. 8 ~(7) after comp}etnon of all
prior steps for all wet tape cases. {,-

e 11performed by General Kinetics, Ine. = o T .
R N |




‘1.8 “Water Recommendations = Remarks ' T
T . (b) Inthevcase of short-time clean water |

inundation, it is probably sufficient to
replace only the key tapes. Information

- Lo - . relative to;the long-term hygroscopic .
: o ' " effect (see see. 7.1) on the binders of
. ©~_ previously fully submerged tapes is not
s , presently available to the author.
-(7) ~ The procwses descrlbed in (a) For,clean water mundatlon, the two
-+ section 1.8-(6) are directly . blade cleaning passes. of 1tem (6Xa)-(3)

: “applicable to tapes which have - * may be omitted. -
R been subjected to either clean ' .
o " or.dirty water inundation.

(8) Avoid placmg the tape racks, . (a)  Areas such as basements have the, u kg

"< safes, and vaults in the lowest - greatest flood potential. : @
geographical locations. Loeate (b) :geep the lowest tape shelves at least
the computer tape repository at ne foot above the floor in low
a floor level which reduces the -+ loc#tions. This is advant us for
potential for flooding while - . both: dleanlmess and pro ectlon from =
‘allowing for effectlve flre » y 'water dai o «”
cllowing ik "f | | -

( "
(9) “Have plastlc sheets- avallable to . (a) When checkmg the ﬁre flghtmg

' ‘throw over the tape racks, disk . |} _ equlpment,/make sureto check the . . | -

packs, and equipment in the case - locatiofr and-donc;hﬂon of these plastlc B

of a fire threat in:which water .- sheets,
~will be applied by hoses or T
sprinkler systems, .




1.9 Effectsof Mag:netie Fields on Recorded Magnetic Media
- NS ' . : g : ' : \ S
An uncontrolled environment may consist of what a top administrator in one of the .

. largest Federal tape user agencies described as "walking a couple of thousand
- (computeg) tapes a day back and forth between two buildings.", It may-also consist
" of a pdSsage of recorded computer tapes through modepn airport. terminals. or

environmentally uncontrelled warehouses, vehicles, and other. storage and work
areas. The potential for tape data erasure while in airports, has been of particular

" ' concern because of the magnetic fields ‘in the anti-hijacking-metal detection
- devices, the airport radar. signal fields, and the x-ray energy in the: surveillance

ent at the effry check points. , o
The information in sections 1.10, 1.11, and, 1,12 has been derived from tests:in which
recorded computer magnetic -tapes, cartridges, cassettes, and credit cards were

- siibjected to various_ types of fields [13}
IS T - 1

‘These tésts showed that magnetic field energy was capable of causing subtle and

serious data erasure.on: computer .magnetic' tapes, cartridges, cassettes, flexible

disks, and-credit cards with no observable, physical deterioration of the media itself. -

The erasing.potential of magnetic fields is expected since all recording, erasing, and
overwriting’ processes on the ,aforementioned. computer - magnetic media are’

performed by these fields. : _ : .

.

It aénagnetlc field is of sufficient intensity to completely erase récorde_c_l data, it
r:i'iw.:in: 0 u
‘mdgnetic Tield is o

so glmost instantaneously (i.e., in approximately. 1079 s). Conversely, if a_

. f A

f insufficient magnitude to completely erase the data, it will not

~.do’sb no ﬁgtpgr‘_-hoq_;oqg the recorded media is in the field.

T6"«coppfetélyerase a recorded signal, it is .necess'dry for the strength of the erasing
"field to bé‘greater in value 'than the coercivity of the medium. The coercivity of

magnetic media is that-quality of the media, rated in amperes per meter (oersteds)
which enables it to resist erasure of its recorded data. ‘Typical coercivity values for
present day computer magneti¢' tapes' range from 22,000 A/m (270 Oe) o

. 30,000 A/m (375 Oe). Coercivities on the order of 48,000 A/m (600 Oe) are being
‘produced in the new high energy tapes. For example, a magnetic field strength of

4,000 A/m (50 Oe) was found“to decrease the level of a recorded tape signal by
approximately 2% below its original level (see fig. 2.). Computer tape data is

.. typically not lost until its level has been decreased to 50% to 65% below its original
signal level, dependent uponcthe system (i.e.,, NRZI or PE recording).--Under.some

- conditions, 246 bpmm (6250 bpi) (GCR recording) will not lose data even for greater
. signal level losses than the preceding systems. It is of interest to-note that.the

~ earth's magnetic field strengh is approximately 40 A/m (0.5 Oe). ’ o

- It was found that ’-iarge, ‘portable', and concealable pér'manenf magnets were unable

to erase any data from recorded computer magnetic tapes at a distance greater than
76 mm (3.0 in). However, a typical small office bar magnet caused a loss of signal .

" level when it was placed into direct contact with the side of the tape reel flange.
~ As expected, the loss was greatest on the edge .tracks, which are closest to the
.magnet. o - o :

Magnetic fields produced by alternating current flowing through the-windings of a

. moter, generator, or transformer have the same tape erasure ‘capability as those of

S -
S I C L .
.v ;_:"I . s, 37v i ’ s
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-equal strength.produced by a permanent mag'net. HoweVer, tests ShOWed that so
leng- as thesé“units were properly encased in thelg vtyplcal magnetic shielding
-mgterials they produced no data losses on tapes plaped in direct contact w1th the

es (see sec. 1.11, Questlon 6).

Figures 1. and 2. (reference [13]) show the erasmg éffects on the recorded sxg'nal
“level on;a.computer tape caused by both a large permanent magnet (see see. 1.11,
‘Question 7).and. a low. frequency(60 Hz)'varying magneti¢ field. The abscissae in
figure 1. is the distance along tape' surface ?measured from the BOT. Note that

“the erasure effect is greatest at the Outermogt tape layers which are in the closest .
~..proximity to the permanent magnet;- (1.e., distance d), and decreases with distance, .. . .
~along the tape surfate. Ciirve A has an 11.1 mm (0.44 in) tape-to-magnet spacing, .

- d; eurve B has 25.4 mm (1.0 in)’ tape-to-magnet spacing, d; and curve C has.a 50.8

mm (2.0 in) tape-to-magnet spacing, d. The peak value. of a varymg magnetxc fleld

is the quantity which causes the observed data erasure, effects. ke

o
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1.10 Exposure to Fields'and ,
Devices Recommendations

(1)

@

' Magnetic or electrowetlc

fields: special precautlons

'reqmred.

@

Alrport metal detectors: no

-

E Radar sjste;rns:f" no special

. special precautions are required.

precautions are required. = - -,

cu

=
,_ R-‘emarks _

(a) See sectlons 1 11 and 1.12 fora .
'bomplete discussion: -

(a). Many airport anti-_hijacking metal .

_ detectors-are of the "active" type .

\. which fill-their walk-through,pace .
\with their own internally generated .

performed on a number of different, .
- kinds of walk-through detectors in tWo
a1rports. Recorded computer tapes ,

~ were moved through many different '
"locations within the dectors and then
tested for a loss of data. Theére was no
obsérved instarice of dataloss. The

. highest detector field intensity
encountered during the testswas ina

: unit which was rated at 398 A/m (5 Oe).

(b) Most of the detectors which will be -
encountered in the future will probably .
generate weaker fields. A voluntary
performance standard for walk-through
detectors. has been prepared by the Law

~ Enforcement Standards Laboratory of
the National Bureau of Standards. This
~ standard recomniends that the allowable ~
generated magnetic field'in walk-through
metal detectors used for law enforcement
“should be held to a maximum value of
approximately 95 A/m (1.19 Oe), a level.,
.much too small to cause erasure of
magnetic media. This trend towards
reduced fleld strength units is highly .
desirable’ because of factors which must"
be considered for detectors that are -
used. with people who may have medical
problems.

(c) Handheld metal detectors are sometlmes _
.used as backup surveillance devicesin. -
airports. ‘Exposure to these handheld

~ detectors produced no effects on the
-r.ecorded data-even when they were - |
" placedin dlrect contact wlth the medla ‘
housings v
.

(a) Recorded mag'netlc computer tapes are:

- often transported through aress in which
radar antenna are transmlttlng mgnals

e

50

ying magnetic fields. Tests were = > . . '



_ -8pe: :
T : id;-4nd X-band radar T
o G ds radiated | .

pe_ power. The tapes were placedfor
10 seconds directly ifto. the radar signal - o
bhs at distances of 30.5 m (100-ft), =
. . o L 15.2 m (50 ft), and 3 m (10 ft) from : Z
_ ' T : : ~ stationary, non-scanning antennas.
\...‘ - ' Co : Thre was no loss of recorded data
duced at-any of these distancesby = .- -
an of the radar units. It is not llkel SRE O

".'\7 AR

18g etlc ‘component of the electro- T

aghetic field loses its strength very '
id ly w1th dlstance from the. antenna.

! ' - I

(4 X-rays: no speclal precautlons - (a) Rec

- are reqmred. - -subje

]
ded magnetic medla are often
eted to x-ray energy in- airport.
-~ . .- survejllance systems. Tests were .
- '« perfatmed with various recorded-
L grigtic media in the NBS Radlataon
: v Phys1 laboratory. The media were
- F o o - - subjected, to extremely high (lethal)
e A x-ray dosages. No data losses were BE .
- incurred. Recorded midla were also v

V1

subjected to normal x~ray inspection at -

o ) B two airports mth nor ultant loss of ¢
S L : data. o : S :
(5) “High voltages: no special - (a) ngh voltages generated at the NBS,
- pfecautions are required. - '_ + . High Voltage Laboratory were applied
E S directly across recorded magnetic stripe -~ ..
o : . o eards. The laboratory voltage generator " 1.-
M T , - outputs were increased to more than h

715,000 volts until air breakdown ocqurred -
- . _ o - between the electrodes. Ares were o
. B . S ‘ struck'dlrectly onto the recorded

s ﬂ o : : Lo T  magnetie stripes on the surfaces of the .
_ IR P - 'plastic cards. No signal dr data losses .
"‘ : T T resulted from these tests. Thls '
; N k . ‘Y t
’ 42
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.. no special pre}t;o@ldre«,-__:w} '
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(8)

"1.10 nxposuetomeldsmd\

Devices Reeommcndatiom

~
L. '
PO . . 2
ot . . .

;‘ i g o C L RN
Nuelear radiation (f8inma rays): . .

requlred

e
: ,.
Automoblle mtemors. nq speclal

_precautions are requ;re'd

) - . ‘.k'-'\i'."{'
Television receivers; exereise

© .~some care although potentlal

- “'dangers to. recorded data are
. Sllght. » . . . “' ’ .

5

f"ﬁ

wiew

: _Remarks,;,.';. -

res1stance to’ s:gnal loss is va11d SO long

as. the high voltage fields do not produce - ' '

excessive arcifig which overheats o#
physxca.lly damages the: medxa.

(a) A recorded d1g1ta1 magnet:c tape :
. ‘cassette absorbed a gamma-ra

“ + .doseofa é)prommately 3.0,x IOX Gy e

e

(3.0 x 106 rd)'in the NBS gamma-ray
‘pool. There was no observed dataloss

«' . data.on recorded magnetic media was

e ~able to survive the.effectsrof ‘the

S . Ot . . . o
e Co N L . “ ,,/,’ .
' . s " T
. | :
A

. eléctromagnetxc energy. compbnent

~ not damaged; otherwxse altered by
. the radlate;a{l:;rgy. ’ .

(a) Magnetlc media carried within the

passenger compartment of numerous =~

- automobiles experlenced no data losses. _
Within the engine compartment, test '
.- cassettes experiericed very little 51gnal
- level decreases and no data losses even.
" though they were put into contact with

~ the ignition coil, generator, the starter

Jmotor, and the battery cable while
starting the engine.? .ﬂgpacltl‘ve _

. discharge electronic agathon systems*
produced no observable Ghanges in the
recorded signals. e

.(a)- Television receivers are sources of

-

magnetic fields, high voltages, and

-'x-ray energy. Tests were performed

by placmg recorded magnetic media

both in the interior and exterior regions

of different receivers. Media were

. placed in cloSe proximity to the high .
_ ‘voltage cn-cmts which are also the
sources of the x-rays.” No signal level ~
losses were observed, as anticipated by
items'(4) and (5) above. However,
because of the many magnetlc field
produclng components in television
receivers and the' many untested models,
it is: prudent not to use the cabinet tops -
hs a storage space for recorded magnetlc
h}edla. - , .

-+ oh the media. It has been reported that |

" resulting even'from nuclear. detonation IR
‘providing thiat the:media materjajs. are .




jf__precautions are required

L burn (ablate) the media.

- laser béam power is suf flclent 1o

{a). Recorded medxa were 'subjected to light
S8 7 "y, sources ranging from’ mfrared through
' anintense ultraviolet light'source - . :=",

. . With no resultant data loss, The radlatlon C
r -~ from a laser beam also has nd effect on - . ° |

o the stored data if spread overa large - -

. area on the surface of the'medium.”
. However, a sharply focused laser lght
~bedin can be méde sufficiently intenSe o

R e t0-either heat or dwtroy the physlcal g e
d e < medium itself. . oy I
AT S 's e . - < .':_'

(10) Pressure: no specxal precautlons - (a)’ Magnetlcally encoded plastlc credlt L e
' oare requu‘ed othier than. avoiding - cards are oftes subjécted. to pressures o Lol
. the permanent phy51cal dlstortlon - .in‘tHe pocket, wallet, or in cases. The,: = =

”ot the medla.

'_secs. 1 3 and 1, 4)
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R T Sta‘tlc eleg'xclty. malntal
L . aproper temperature and hum1d1ty
_and a clean enwronment (see

= D G.roundlng pomts in the tape path

, _».'.--e_t’fects of pressure were tested by, placmg S
..900 kg{2,000 1b) of weight on a number - - . . "
“of individual -credit cards. There was -~ ...
-.no loss of. magnetlcally encoded data.: -
Normal preéssures. ‘have po'effect on the
7 recorded'date’on horizontally stacked":.
... ‘flexible disks prowded that. physical _
T damage does not occur. e L

: Excess statlc charges due to tape

-‘fnctmn m a low hum 1drty enwronment
', ‘cmn gguser - .

P .. Tape: drag'g'mg and skew. -
- . 4 Tape ﬂutter and signal varlatlons.
. Increased tape and head wear. "
. «a Recorded noise and data errors (cauged
by arcing); :with no effect on the ..
.prerecorded magnetlc mtormatlon on
-the tape. .
: Dust attraction..
b) Statrc -charge effects are’ greatly
" diminished (by the manuf acturers) by. R
.."Adding conductive mgterial to the R
" ‘tape binder-chemi ty which reduces-
the resistance of the.coating. This .
prevents a deleterious charge buildup.: =’
(Requlred coating resistivity yalues . -
. are'gpéater than 5 x 109 ohms per . T . -

_. square but lass than 5 X 108 ohms per -

© 'squaré).

-‘; “Reduclng the frlctlon in: the tape T
.path by using special materials which- '
.<minimize tape contaet; for example'
beaded~glass surfaces in the vacuum
columns, <77
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m Questxons and Answers Relatwe to the Ef'fects of llagnetlc Fnelds on Recorded
Media - v o e ,

‘
ey . . L. R A
i

o 'l'

The followmg serles ‘of - questlons were posed by the Office of Management and

‘ " Budget' relative to the.data damagmg potential. of various. commonly used- magnets

. .' ‘and low. frequency -(i.e., 60 Hz) magnetic fields. ‘The answers, were-published;in. [14]

and are .applicable to -all fecorded magnetlc media mellfdmg tapes, .cassettos,
o g‘idges, and dlsks f

. B o _ .

P Questlon 1. N UL E

;. o ":'..: "
Could someone by puttmg a couple of the little offlce' bar: magnets 1nto a plastlc

computer tape camster, and then by, putting the canister onto a tape rack, erase and
. destroy the data ona: 31gmf1cant number of nearby reels over a period of months" .

1. "The 1ength of: txme tha} 'tﬁe magnets are near to the recorded comput,er
T tapes or other magnetlc media has no relationship to t elr effectiveness’in
©ean 77 obliterating the tape ddta. Jf the fields from the-maghets are capable of -

‘effective. range.. .In a-test, these little bar mag'nets ‘whose field stfengths
«.paveraged over' approxunat-ely 44,000 t0 52,000 A/m (550 to 650 Oe) were
- contacted singly and in pairs. ‘directly against the flange. of ‘a recorded reel .
of computer tape. It was fouind that they were able to cause as much as a’

"', 35% decrease in the recorded:signal amplitude on the_track next to the ST S

. , :

.-_,;"_edge track when used in: ‘pairs. Question 1 as- posed, however, 1nd1cates

"2+ ‘reduces: their erasing effects by movmg the tapg into a much weaker part:

" of their fields.- It was' found that®if ‘the tapes' as'well as the mygnets are’

- .both. enclosed ln ‘individual plastnc cases then, the erasmg effect 1s
e undetectable for these b@r mag'nets. i :
. -, .'v.- . \;‘.‘ . ‘-“‘p - o

: .On 20 - ‘:‘~.> ‘}' . T ,-: .. ,' _' ‘:. o .'., ! b-:* 'Mi.“.' -

e

o . his pocket, walk by a° tape rack and d’éstroy the data on a. sxgmfncant number of

: , tapes m the rack" S R P _._'_ ot Vo ) ¥ ,
" T 1 The _maxi mum field strengths close to the surface of each of.a number of
T .magnetlc picture ‘hooks ‘was$ measured: as 35,800 to '40,000 A/m (450 to

- LAl o 'was) firmly pressed . directly agdinst 'the exposed flange. of a reel of tape.’
vt e 7 %o The track next.to the:edge track’ experienced an 8% decrease in 81gnal
Tl amplrtude. . The -magnetic . picture hooks aré& ess ‘effective than the bar -
‘magnets in Questlon 1, because'thelr internal array of flat magngts do not
.. -tend®to. ‘prodiice - fields “that ‘are as. _strong at a distance. The test was"
L repeated with the’ tape enclosed in;; g‘ts plastic- canister ‘and wnth the
*.. - magnetic picture. hook Strapped- to«the <canister surfgce for. two days No
o‘bserw)able mgnal loss occurred at: }hls distancc. AN

) - "'. 3 Ll . ): . '
o Q .- . T
R I S _ L j A
, . Cel : N
.‘,; . o “ : ! ‘5’{"\ ..
“ . g \‘- 45 R ) . -,
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¢ . - T o . .
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' "-_\,__-.'.erasmg ‘the. tape,: 'they' wihil do so as soon-as- ‘the ‘tape is within. their

that these magnets are to be placed into an adjoining’ tape canister.‘ This .

Could someone put a 51 mmx 102 mm (2in x 4 ln) mag'netrc offlce plcture hook i in

500 Oe). They hgd no.measiffable effect on’ the signal when.carriedina * . -
. pocket in the vieinity; of, a recorded. reel of ‘tape. One of these magnets

>



¥ Could someone attach the?aforementloned plctux'e hooks mag'netlcally to the tape

. e

rack in an- obscure place and destroy the .daté on ‘a number of tapes over a perlod of )

1. 'This questlon has sbeen answered by the prevxous comments. Tlme isno

SRR ., element in: the- desh'uctlve process; Only thé maximum 'magnetic field -
. strength and proxmlty to the tape.are important. The plcture hook out of -
- direct contact with the flanges ‘on the reels of tape -is ineffgctive as a.
e o signal erasing deyice.  As a matter of fact, when a permanent magnet is
fastened t¢’a metal rack surface by its own magnetic attraction,. lts flelcb
.. tend to be ‘diverted or shielded by the metal rack 'and are. .evely
- effective than"before at any dlstantr.e.l from the magnet (see sec fl um))

_O_uestlon4 ' . S : : ' ""’
s vaeg a one—story building housmg a tape storage area, could soimeone place a

" permanent magnet welghlng-, say 18 kg (40 lb“) on the roof and have any effect on the ' .

: data on the tapes"

1. _The far field intensxty of a magnet will decrease approxlmately by the .

ERY inverse cube of the distance from its'poles. At the present time, there are
" no permanent magnets. ayallable shat are known to‘ the author that ean’
~ erase the information: from a mag'netlc tape.that is placed several feet

away from the mag'net. ' : - :

fv-Questlon 5.

with the tape racks 30.5 m (100 ft) from the curb, could 'someone place an
~.electromagnet (of the type used in junk yards.to load'scrap) into a van, connect the

' leen a “first floor mstallatlon separated from the street by a 6.1 m (20 ft) SIdewalk,

magnet to a series of automobile storage batteries in the van,-drive: up to the curb -

outside the -gomputer room and, in say a mmute,‘\mpe out the entlre mstallatlon'
files and programs" ‘ ; o

o L L ThlS experlment was actually s1mulated at a local serap metal (junk) yard.

e ‘Four recorded tapes were placed into the field of a scrap lifting ma gt at' .

various distances: “at 0.41 m (1.3 ft), at 1.52 m (5 ft), and at 3,05 m. (10°ft).

. At 0.41.m (1.3 ft), a uniform signal; level - reductiornr of sipproximétely ~

v+ - " "5perceént. was observed. At 1.52 m~(5"ft) and above, no observable

© - reduction oceurred. According t6 the crane operator, the magn¢t had a

hftlng capacity of approximately. 363 kg (800 1b) of scrap metal. However,

' the gap structure’.of a lifting magnet is gch that there is lxttle distant

magnetic field strength pro;ectmg outward from the’ magnet pole faces.

" . This type of a lifting magnet is effectivé primarily upon contact’ with the s

. T ’ aterlal and cannot perform at a distance as suggested.

¥ 2. Now consnder a. non-hftmg type of electromag‘net' a magnetlc field forms

. " around any_ wire .through which ‘elecétric- current flows.: This field .can be .
. ..-»made very intense by shaping the yire into the form of a coil or "solenold"
e ‘arrd lncreasmg the current flow. ‘ Howevér, lncreased current flow reqmres

,u’ )
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, > .. more power (rom the eléctﬂcal‘ sup y a8 wellvas special copling systems
=~ % for thg coily. Coils thateares ly designed for prodicing very strong
o - magnetieields«that are in :g fwom_ approxﬁnately 8 to 4 niillion-

. - A (100,000 ‘to 500,000 Oe)-ara Besigned ‘o' pr elds ab long -
3 e - dist « They are m‘ruct to prgdude concenfyat d ma,gnetic fields
e e -in cerfter rggion;of the ooils a used te perform Rasicscientific
ot ekperini'ents on materials.that arg, plaged, intl the mos ful regions.of
. s 'the cofl e, one knownl2.high ihtensity water-cooled

N — 0 t.~Ivear its center gops to less than gpproximately 80f00 A/m (1,000 @e)
Y& ey . ewithin’0.3¢5 m Tt) of the coil ‘Mnter. - This‘magnet ires a pawer’
o v o -supply that _ is cgpeble of W at Jeait 3 op Watts of
L . . -dlectrieal power.to the cofl. * A.magfet system *such as this-is impessible to-
v t}-amport y ordinary vehicle. - R I ‘9 _
3. - Ques uestion 6« ;‘ A T ' ._ '

S ) ) ’ .
I8 there any way to shield the Jnformptxon recorded ona magnetfc tape from an
o uoutsxde magnetic field produced by a magnet ora fnotor" . . o

-

o

e i. It has_been noted (see sec. .9) thdt reeorded information ona magnetic -
9 ' tape can beshielded from the effects of a magnetic- field by - keeping the -
6. ~ . 7 tapes at a relatively small distance, i.e., 76 mm (3.0 in), fram -a source

">

DAL

maﬂlet co which 183 & oximately a” 12 millfon A/m (ABO,000°04) fi@d =

- . 'suchasa permanent magnet or motor.™It is alse possible. to shield the tape .

. o+ more effectively by placing it eitherinto an individual container or into a v»
T  vault whose surfaces are made of soft: ferromdgnetic. shielding ‘materials = =

. (i.e., materials which do not become permanently self~ magnetized). These
“'material® ‘are conductors of both .gleStricity and magnetic flux and will

.divert the magnetic field. That. is, most of the magnetic field energy is .

-, absorbed in the shielding material and verylittle‘pass h it:into the .
++ " air on the opposite sidé. The shield {8 usually fabric ed fro 'some.ferrous- -
or ferrite material in a number of different physical forms such as sheets, -
‘ rolls, and coatings of various*thickresses, Examples of effective shielding
sk materidls for magnetic fields are given in reference [24]. A multi-lafer
% - shielding strud] e can be devised by using the proper combinations of:
‘e materials and air space. For example, there are shielding materials which,
"are designed for reducing the strength of very powerful“lhagnetic fields
while others are designed to absorb- weaker thagnetic fields. Therefore, a
¢ .. layer of oneynaterial can be placed close to the outside of a tape endlosuf
s ~in" order to absorb most of the impinging'magnetic fiéld. This can. be'
) . féllowed first by an- air space, and -thén by. a layer of the other material’ "
R gld@ to the intetior wall of thé enclosure which will absorb the re'maining_ .
\ eid. : . _

T S - . .4'& .., . 'o - . N _—
.There are ‘several organizations whose - primary, function 1s “the -
development, design, and production qf magnetic shielding environments. -
R , 1t is a worthwhile ldea- to conslder usmg stheip ormation services
tj S ‘ B [10] [11] SR . v . ! -;". . . ’
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- 12Bitter . type mgnet. at the Naval Research Laborator‘y ngh M'agnqtle Field
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A potential source of unWanted magnbtic fields such:as a large motor,

generator, or transformer that is near thé tape installation should also be

.enclosed in-shielding materials. The shigld lager. or layers should be at -
" least 6.4 mm (0.25 in) or more away from the internal device and should -

surround it completely and be sealed properly, Whenever possible, the

initial ‘design and placémunt of a tape repository should consnder and avoid

sources of unwanted magnetic t‘lelds. . \

s

(" . N B . . . ‘ . ) +

_Are there mgghets available that are much more powerful than the little office bar
or plcture hook magnets but that are stlll easy to concegl and to earry about"‘

1

‘b ' 1;* Yes, there are. Tests were performed wnth a. coneealable magnet Whlch

weighed approximately 0.80 kg (1.75 1b) and had :& maximum center field

. strength value of approximately 56,000 A/m (700 Oe). The test results

showed thatthis magnet was extremely effective when it contacted the -

> outer flange edges of a recorded computer, tape reel which was stored in a

normal veértical position; i.e., the signal on the first 210 m (700 ft) of the
tape was- badly damaged. The intrusion . of. these mag'nets into. a tape '

: storage area must: be avonded at all costs'

LR

e
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1.12 Magnetic Field Recommehdations _ Remarks S \
.- (1) For protection against data = "~ (a) Stray magnetic 1e1ds whlch are of
_' - erasure, do not allow any sufficient intehsity to obliterate data .
» . ' permanent magnets to come , on computer magnetlc tapes ata . -
: - closer than 76 mm (3.0 in) to a distance greater than 76 mm (3.0 in)
recorded magnetic media - from the source are rarely (if ever) ¢
: surface. Maintain strict ) * encountered in normal environments.
. - : . magnet control in all areas in (b) Al protective measires decribed in .
' which recorded magnetic media " this section are equally effective
. are found. This includes in the . " against the low frequency varying -
office and in tape operating or . fields produced by motors, =~ -
storage areas' G transformers, generators, ete. - The

type of field is not as significant in its
data erasure potential as the peak value

to which the varying fleld subJects the

: : . recorded media.

. » : o ~ (e) Recorded magnetic media of all types
: BRI : cansbe placed as close to each other as

' . i \ - desired with no effects on their recorded=.
o _ L - o g . data. -

(2) - Vaults, canisters, carrying (a) The shielding materlals should have a

) contaipers and cabinéts ma,de f " , high permeabilities and be magnetically

N . soft magnetic shielding materigpls” * soft. That is, when these materials '
. offer -effective protection agamst ,  divert the external static and low
* data érasure by external magnetic frequency varying magnetic fields

fields at close distances. " in order to protect the stored recorded
. rnedla, they must-not become magnetized,

' ile., retain their own residual-magnetism.

- Examples of good "soft" shielding ‘

R .7 ,70 . iaterials are various alloys mcludmg -

o« o0 ©*» _“% thése with the proper proportion of

e ‘ . . : . nickel-iron, nickel-iron copper, and

" ‘ S T &e:-taln ades of magnetlc,allLoft
o - + steel [24}* .

. . : (b) If the contalner size is a factor, the

‘ : .o _ - surfaces of vital tapes:can be Spaced to
. ﬁ o within 25.4 mm (1.0 in) from the inside . -
' = ‘ walls of the container provided that *
L ’ these walls are covered with high
permeability, soft magnetje shielding
materlals, there are speclallzed small -
carrying containers for this apphcatlon.
~ (e) In addition to the carrying cases in (b),
- there are large ferromagnetically
_ shiélded storage cabinets available. -
- o R These are effective for safa, long-term
 J ~ storage of vital tapes in the reposntory
‘ environment [10] [pe
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. 1.12 Magnetic Field Recommendations

(3) . Whenever p0831b1e, dwgn and
‘locate tape repositories away
from components which produce
_ - magnetie fields.;

+

Imtla:) total security measures
for access to media repositories
péarticularly if vital mag'netlc

@y

areas. )

(©

R

(e)" .

(a)

Remarks

Non—shl,elded tape shlpplng containers _

. should maintain a 76 mm (3.0'in)

spacing between the media and the
exterior walls,

Recorded computer magnetic tapes are
often subjected to very high frequency ;.
electromagnetic fields such as those

. préduced byradar systems. Although
. these fields can be shieldpd against

#sthrough the use of speci

. techniques, such mesasures are not

1zed screeimng
neqessary (see sec. 1. 1(;-(3))
Th&se components include: large motors,

generators, transformers, and electrical’
power lines carrying heavy current

» Joads.

Y
“magnetically shieldéd if they are in the _

- 6 and see. : .
-It is elaimed by some that the tapes S
" “should not be stored close to structural
steel beams which can be magnetized ::
- by lightning strokes or. other electrlcal
“eurrents. . .

'_ (a)-

Make sure that th\ese components are

repository area (see sec. 1.11, Questlon

1.12-(2)).

Permit only fully 1dent1f1ed and’

. ~ authorized personnel into the tape
.+ . repository aréa. . .
(b)-

_tape records are stored in those _

If vital ;records are stored in the

o reposnory" area, set up magnetome'ter
“checks in order to detect concealed
‘magnets.. For example, hand-held or

walk-through magnetometers (with .
alarms) can be employed:’ Note that an

. ineredible amount of intentional

damage to stored data can be quickly

‘accomplished with a powerful but

concealable, hand-held permanent:

- magnet (see sec. 1.11, Question 7). An
-additional danger ste f from the fact

)- ,:(c)

. 50

that the data destru
detected for a long

on may not be

be an ongoing process. -
Advise all personnel never to carry any

~ type of magnet into a magnetic tape

repository; initiate severe penalties.

59

iod of time after.'
the event; therefore, the sabotage may

'y
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. 1.12 . Magnetic Field Recommendations

(5) Test the tape path's metal

" components for residual
‘magnetism, T ese parts include
read/write heads, guides,

- capstans, arid-rollers. Degauss

- (deffiagnetize) these parts as -
required. Alternately, degauss
the components on a scheduled

~ basis without testing.

(a)

o)
“ (c)

(e)

),

i ,,parts [to);[1). .

~_read/write heads since theey, are:
- “harder" magnetjeally, *
-In order to prevent head. magnetlzatlort,

-
‘”"_l"_ “ - -, =

.~ Reénerks o

Rwldual magnetlzatlon can-cause some o
signal level reduction Qn recorded Tl
computgr tapes as they pass over these _
magnetiZed components. - . I
There are hand-held magl’letometers oLy

available for measuring the re81dual -

- magnetism. .

There are hand-held degaussers

avallable for demagnetlzmg the

* Turn off.the power to the tape d(lve 6 -
 and.demoint dll tapes hef orélme&surmg
and degaussing the tape gath v Do
cOmponents.~ : - : _
The guides, rouers,'and capsta i will be :
more difficult to demag\etize hqn thes

3 ;)»‘na

avoid any operation which forees direct * ¥ ¥ "%}
current through the head w1nd1ngs
without an associated varying signal

~current. Also, do not touch the head or
guides with a permanent magnet. )

3
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1.13 Schemled Co\nTputer Tape antennnce

‘recommendations_for tape cleaning, tdpe evaluation (or certification), and t_a'

‘and (b) there can be si cant differences in the characteristics of tapes emaﬁétxﬁg

- flow of tapes into the. rehabilitation process (see sec.: 8.3).4 1
~Government . tape usér organization: mmntams-’&-steaﬂy flq 3 of 5,00
" into their contractor ,habilttatlonifaclhty > » ’g

_recommendations. Individual organizations should. mstltute those reg ,_men,_,. tio)

- Instead, their primary éhidice for rehabilitation candidates .is now bas
. - data explration dates, while their. secondary ‘cheices' ate bésed ‘on;:tapes.; hiehﬁ e

This is dlfflcult area in wluch to establish exact schedulmg cnterla since (a).. he
rehabilitation (see sec. 3.) are derived from diverse types of. operations and souregs

from different and sometimes the same sources. At the present time,-there Bre! no
accepted standards or agreements relative to the choice of scheduling crlteﬁiac €
literature is replete with variations. When the.source is a manufacturer of "tape
maintenance equipment or a ‘media rehabilitation contractor, the recom endeﬂ
scheduled operatlons tend to be conservative and incorporate frequent. tape -CAT
When the sources are the users of the media, the recommendations are more: hea

weighted by the economic considerations for contracting out or setting.up’
operating an in-house ‘'schieduled tape maintenance program. For example .one
major tape user performs no tape maintenance unless trouble is encounteted' hen
attempting to read the tapes after removal from storage. .Another usér : gges

that tapes should not be cleaned—instead it suggests that the beginning tape footage
be excised when tape errors develop.’ Generally, small, high-use" hbrari%'.nequil:e
more frequent care for each tape, while large tape llbrarlw, 4dn, whleh mdividual

-tapes are usually not mounted as often, tend to require a léwer’ mainten‘, 1ce, )

frequency for each tape. However, the large tape- user. orgamzqh
rehabilitation faclhty will wsually institute criteria wmeh ;_t.end to ptoduoe

Sectlon 1.14 prwents a number of dlverse scheduled .ta mauntenancé optm'

and. options which are found to be most effective for. their operatio

the previously mentioned large Government tape user..found. afte)
application, that the decision to rehabilitate tapes.dfter ‘they have.
specified number ‘of times was not an effectivé apprddch . for. their obga
ed'-qn_'the tape

troublosom e; .e., display data losses or opet‘atmg dlft;lcultws. e

52 ; PR



1,14 Schedlled Computer Tape o : - Remarks
'Mamtenance Recommen(htlons R
(1) - Estabhsh a schedule for cleamng _Tape cleamngl3 recommendatlons from - e
" - magnetic computer tapes (see ¢ various sources:14 B S
sec. 3.2.1.). (a) Problent tapes (marginal operatlon) :15
. L o : . clean as soon as problems are observed .
-Recopy if necessary. . ) "
_ o -~ - (b) New tapes: clean upon recelpt or o
L ] 7 before first use. -
: -~ (e) Tapes scheduled for I ng-term archival,
I 7y storage: clgan befoﬁe storage. Proper
winding and tensioning is- crmcal (see L
e secs. 7.3 and 7.4).
“%* (d)" Large library: clean each tape aﬁf.r
L . ' 5 to 15 mountings.
, L T . (e) Small library: clean each tape after
e N e ~ every 1 to 3 mountings. .
L ) - (f) - Clean tapes-when they develop a ¢
Sle. ¢ ... Y gpecified number of addltlonal errors -
T e > I (say, 5 errors). ,
(g) Cleaneach stored or activ 1%tape .
) approxxmately eVery 6 to. I “months.: -
Clean: tape only if data €I'rOrs ‘A
.- ’encountered ol first readpass after
" storage; other se do nothmg tethe

,‘," .

. - tape. ‘ N
e "~(1) Don't clean tapes which are being used
o~ only over a short length (starting at the = .

- BOT): cut off the used section of tape
- when errors develop. ' !
(i) When beginning a scheduled cleamng
A ~ program, clean each tape once for each
e  year of prior usagé. . S0
e _ (k) Do the cleaning and wmdmg in: ‘the AN
N : same T~H environment as that/in which
‘the tapes will be stored. Accllmatlze ' o
the tapes for 24 hours before cleamng PRRT R
= - if they have been transported into the
¢ ’ cleaning area from a different T-H
' , environment (alternately apply sec.
:_' v b 1 5 (4»

no'unphed priorities for these recommendatlons, several may be )
tly, if suitable. . B
_argmal operatlon does not stem from a system malfunctlon such .

. "!,
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* - 1.14 Scheduled Computer Tape L Remarks
- Maintenance Recommendatlons N E N
(2) Estabhsh a schedule for . Tape evaluat1on/certlflcatton16 , .
evaluating/certifying computer ¢ . recommendations {from various sources):17 IR
* . . magnetic tapes (see sec. . (a) Evaluate marginal tapésigs soon as . f
PO 3,2 2-3.2.3). o S .- problems are observed.18 : '
R e : (b) # Evaluate’ actlve tapes after 3 to 6
R ! . mcleamngs. o
e o * (eY“Evaluate each actlve tape af):é‘r "' :

- ’ . o _ approxxmately 30 mountings. /

' ' (d) Evaluate (oreeftlfy) tapes within six

, months prior t0 use in long-term storage. -

o . o . Thereafter, evaluate these tapes once

5 o - . per year; non-destructwe testlng can be -
‘ C L SR performed (see sec. 4.4)." o
G R (e) /Evaluate new library tapes upon. recelpt e
- o j' (optional); alternate suggestion--clegn.. . .-
' -,.only upon recefpt (see sec. 1.14-1). - ™
- (f) iEvaluate a tape after it has been
# ' relegated, .ta.scratch status or its data
T ' ."has been ¢égpied onto another reel, or .*
when the data has explred and recopyl' ‘
. o , - : .* _ is unnecessary., - '
e T L e e (g) Evaluate a tape after it has developed a
R " REAR secified number of write skip errors. .-
;Eyaltiate the tapes in the same T-H =
"',v1ronm ent as that.in which the tapes :
" will be: operated ¢ stored. Acclimatize:
the tapes for 24 hours before- evaluatlon,

Ca if they have’ ‘been transported into the
L _evaluator aréd from a different T-H

Sy

! =
L

e

: o LT environment (alternately apply~sec. 2
AR s T
B 'L."'(3) Estabhsh a scheduIe for S (a)' Rehabllltatlon may ‘be performed
rehablhtatmg computer magnetic = in-house or by a contractmg i
tapes (see sec. 3.3) . _ . organization. e
\ Lo (b) Contractors are & good source of -
: o S e information relative to the' costs, and
2 ...~ . thepros and cons for setting up e
RS ,_,rehablhtatxon program. A

- 16Evaluators (and certifiers) will usually erase all of the pre-recorded tape data, e o
therefore, if necessgry, recopy the data before evaluating. Note that ¥1‘ere are - L
error-logging software systems (for example, see sec.. 4.4) that can evdluate data files
by readmg the data non-destructively and examining the records and fields for. bad ‘

ts. It is'advantageous to clean the tapes before evaluation. - S
1 Note that there are no implied priorities for these recommendatlons, several may be '
mstltuteg concurrently, if suitable. .
. 18Make certain that the, marginal ‘operation does not stem from a system malfunctlon
- sueh as tape drlve misalignm ent. - :

&
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.0 114 Scheduled Computer'l‘ape : A 'Re_marléh = | e

ORI Mamtenance Recommendatlons' . _ £ e

(e) J Tape rehablhtatfor'ﬁ reéoin mendatlons,
(from various sources):1!

*h o “ R .";,?".'7. © _b E Rehablhtate tapes: .. - S "
Lo o~ T Lot » Atertheyhavecausedany/ S

operational problems.20

/"f‘ - i ; ) " . After they have been in storage for a -
A - S P " " . _ specific length of t1me (thls thlns ouf - *
e L - . b7 the vault population), 2 s
S , oo S . After the data have reached thelr

. . . , _ ~ - .expiration date. -

o L co - .~ After they have become scratch

4 : ' SELL . IR lilrary tapes. )

id : . ‘tten the data have been copied, "m

& . S " Other reels; ' g I

. ¢ . “After they figve. developed more- than'

‘ ;- - aspecified num‘ber of wrlte Sklp E

i errors. -
+ o After they| .have been mounted,more
‘than aspecifled number of tites
S over a given period-of time, e.g.,
R . ~more than 4- mountmgs w1th1n 60
A = . After they have been mounted a
L e . speclfled number,lof times; for -
T B, o " .example, after 30 mountlng's )
U S (d) Typical rehabilitation activities (see
IR S : - . sec; 3.3 for complete details): -
: AT . Tape cleaning only or cleamng and
‘. - - evaluation, . :. ..
- . .+ Reel and label c0nd1tlon checks plus ‘

S _ . replacements:if" necessary. - . .
. . Tape condition checks mcludmg
: T . signal tests at specific densities, and
.+ ... .. lape error tests at specific densities, -
. .+ . Tapes are rewound at tensions which "

are compattble with the normal

operating tape deviees. : .. -
. Quality assurance testlng by
L , - contractor in order to minimize
S S : '-reJected tape lots. .

LR L4 g ' ) . N ' ,. - ' ' ) ..."'i'
.

. " 19Note that there are .no 1mphe,d pnomtms for these recommendat'ions' several may be-
: _.instituted concurrently, if suitable, " . .. y A o ,
.-+ . - 20Make certain that the marginal opé'ratlon does not stérﬁ ft'om a system malfunctlon
I such as tape dnve mxsahgnment : , _

. . A e . ," N
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1 14 Sche(hled Computer Tape

@

antenance Recommendatlons

-Estabhsh apphcatlon categones
for tapes which have been.
evaluated or rehablhtated.
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" (a) Optlonal categomes. o ,
. Tape has less than 10 wrlte Sklp e
or dropout errors: unlimiteduse '
other than long-term archives. Use
" “new state-of-the-art tapes for , ¥

56

archival purposes (see sec. 2:1.1-(1)). o

. Tape has 10-20 dropout, errorss - use

for dally apphcatlons. o S S f'.,

.. Tapé'lias excessive dropout erfors N

and apparently def ectivé edge tracks- AR
discard.?, Excessive errors may be - LU
deTined by:the economis brepkpomt TE
at which;it is cost effestive to. - ~ n
“replace tlie tape.with a new tape (see .
sec.-3.1. 1) R :
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‘, ‘Flexlble magnetlc dlSk cartndges (“floppy" dlsks) 'employ mylar substrates and' ,
4 -Fe203 particles or cobalt modified- Y-Feg03 patticles in, thelr&magnetlc surface

;- coatings and are: deslgned with:similar eoercivity and. magnetlzatxon parameters:as .

*_’both regular and high energg, omputer: ,magnetxc ;tapes. The magnetic media are -

i-.imade slightly thicker, than coffputer tapes; i.e., 0.075 mm (0.003 in) since they must
: rqtate in a plane andmaintmn‘thqir surface rigidity.. Unlike the-igid disks in which

5. - thes read/wrlte heads. are ‘designed to fly. aerodynamlcally above: the magnetic disk .+ .

surf'ace, the ﬂe’xlbledlsk read/write head operates ‘in ‘direct contact with the disk

g ,,s_u-.iface{‘wnh opposing pressure offered by a pad or ‘a similar head from the oppdsite

e '-7'_3.‘ face. Hence, hedd and media wear and debris problems oceur due to the, :
: é&llonal effects. These wear problems are reduced through the:se of lubricants .

e ther" dlrectly integrated into- the coating chemlstry, or by Iubncants whlch are = o

applled externally, to the disk surface.

y‘ oo

. The most popular*dlameters for lexlble disks at the present t;me Ere 203 mm (8 in)
s - . and, 133 mm (5.25-in). New, s all "miero-disks" with 76 nt” (3,0 in) to- 102 mm

‘L '__,_ 4 {4.0 in) Qiameters are also bécoming | available. Special features are being designed?

into these micro-disks that include: . - automatie . s utters “which prevent:

r-. .. 'contamination of ;the exposed media surface, rigid protectjve shells whlchdo not . -

. flex or bend, and l‘lgld center hub dlSkS which prov1de for proper dlsk placement and "
head tracklng A . , - o -
The effects of various external flelds (see secs. 1.9 to 1 12) and T-H env:romnents'f
on flexible disks are.analogous to.those. on. the. Lomputer tapes; however, the disks -
develop none of the tape pack winding pressure and tension condltiom which- cause“? -
many of the serlous computer tape problems (see secs. 7.3 and 7.4)

Many of the care and handllng recommendatlons for. mag'netic computer tapes 1n
: sectlon 1. are also appllcable to the flex1ble disk medla and should be observed

. - . .. T o . . . e
. " . ,. o _' N . - .t '. R " . . ’,

S e




,1.16 ‘Flexible Dlsk Care and : o
P Hand!mgneéommendatxons e L _
(1)  Media cleanIlness is lmportant. o (a) ,,Contammatlon ot’ the flexlble dlSk
K Maintain .a clean worklng T #surface is a serious- cause of data:
' : envnronment. Gl T 1088e8.. ‘Finger.ojl, smoke, food and
. : T drmks, abrasive materials (such as dust * -
_ . N N S T | fxllngs), peneil eraser debris, ete,, . |
RO - R ; -_ . are typlcal contamlnants. Read/write. .. - -
- B T h'eads last longgr when used wnth clean Lo
_ B S PR f medla. . Tt
(2 Never make fmger contag wnth (a) Theso slotted reé‘nons offer hccess to
. the exposed media surface through' ' the.medig surfaces by contaminants .

-’ -the ‘elongated, oval'slot in the ',
. envelope where the head-to-dnSk

. . access (c0ntact) is- made. Also
. avoid touching the exposed medxa A

- : "surface area near the hub A

“-‘partlcularly;flngerprmt oxls'and dirt. . Lo

:.m1cro~sxzed flexible dlsks whlch have SRR
76 mMm*(3;0;in} to'102 mm (4.6%n) . 2
dlameters have automatlc shutter - LU
mechamsms which have been designed e
i.__'to preven" th:s flnger contact problem.:’. SRR

L3 .
R

- (3) Clean the flexible disk drive. - ;,(a)- Dirt, and dust can bepickedupby the L
ST regularly particularly at its - dlsk durlng msertxon. e
' msertlon slot posntlon._ L ;_;‘1 L . R ]

. \
_.;:_._‘“» ""."’i'- .

() ’,Clean the read/wrlte heads on a . - (a) Dllhte lsopropyl alcohol on'a llnt free SRR
" regular basns. RCREERE AP . $wab will clean. contammants from the -~ -
D g o - A “head; - Exert. minimum. force on the
N TR BT ;. delicafe tehsion springs.’
T . o SRR : (b) ‘Cléaning. kxts are; ava)lable whlch Lt
STl T employ flexible disks made of a speclal.' A
. : | s . . &) materialigs’ therotatmg media rather::. ..
P _ . o< . .thanthe magnetic media of the regular -
o o e disks. The cleaning materialis either
; . *.run-dry or is wetted'with a.cleaning - -
L - fluid; the head is then lowered onto the
L. ' - surface and:cleaned under rotation,21
- (¢) One kit manufacturer- suggests two .-
cleamngs per week, another suggests a
‘cleaning after each 40 operational
) hours, while others recommend a daily
. cleaning. Others suggest. cleamng the
flexible disk as soon as data errors

21Note° Some flexlble dlSk head and drwe manufacturers will lnvalldate thelr | NP
‘'warrantees if some- type, ri of head cleaners are used. Contact lndmdual manufacturers vl A
for head cleamng mfor atlon. T , . S S

-

: . . . L T T . . . N, N ’ - e e ! [E . k
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o _':\';. . N ) k] S Coe 4 R ‘.‘.‘."‘ " A 1 ‘'
W 1ae l'lexible DnskCareand Remargs = .
CCARE HandlingReeommendutiom Sy :“ R . o “ )
_ ,(5)' Always return the flexible dlSk _' (a) Th1s preven.ts cqntammatmn and .

L igo'its protectlve envelope
< r'.(_"after itis used.

A °
.‘ L f ’; .‘. N
‘

C A

" physical damage; to the media. Don't T

_el .

lIose the envelope. an't scatter the -

- disks around.on table tops and desks in ‘.

a rand@m f8$h10n._ : j_

t6) Don't flex.or. fold the flexnble - {a) Although the: envelope may recover, the e N
. .. " disks. Avoid bendlngl;he disk - - . *". internal media may be damaged - . Y
- " when loadmg into or ex’tractlﬁg "o . permafientlyy a warped dxsk does - SR
. 1t from the drive. o not rotate properly. .- i "; .
' (b) - There are new mlcro-snzed flexible T -
. --disks which are enclosed in rigid plastic . . -
R A envélopes which do not bend orflex. ‘$ P
| - (7). Don't put a rubberband op.a -~ (a) - Tfre rubber bandé_may cause the dlsk to .

: " -~ paper clip onto. the flexrble oo remain bent. permanently aftep W R
: disk envelope. _ v long-term stgrage: The paper chipmay = #
L . . emboss the media and cammrm‘anent s
L . L . data losses due to head-to-medla A

R A T separatlon. RN Lo

Alwéys wrlte on the label bef ore  (a)
~ it is applied to the dxsk,r However, -
-+ if the original label is u§¢d, do- . ' .~
< . not write on it with a,ball point
S pen° use a éoft fiber” tlpped pen.

Never erase the label on & flexlble (a).
disk eartridge, “Cross out. pnevnous

information; remove: and, replace
, +'label when full e Tk

' (a) Operatlon and. storage. o
Te ratures. 10?'(3‘ t3 5

;,(a)

so'c_ ')x &

(b)

(Relgtive y .
(éf Transportatlon. W

- v (c)
_ " " femperaturé: -400C to 51 6°C '
J S (-AQOF tm!b25°F) -
) RS L
T e T :
¢v I r :
3 o O R 59,

, lossw. DL SR

,,_contamlnatlon. In: fact, don't. wrlte
; : on the. label w1th a

RE

A ball pomt pen ean emboss the. e T
surface of the disk and cause .. ,, ok
permanent surf ace defects and: dat"“”' ‘

Erasure can be a source of

d peneil, Donlf.

.paste & new. label over. the old labe} and

- . . ” . '5' ~do not cover any: flemble dlSk hol 5. . 3-,'4
¥ A ‘_: o wnth the negv label.‘ T R T S
: ('l(‘))/'-;Genera; enqunmental 5 'I‘he, followmg are Amerlcan Natlonal Vo S
P 'l‘eqmrements. JEEETEA Stahdards Institute (ANSI X3 73 1980) °a‘ =
e . t¢ommendations: * -

Disks should be: condltmned f or at

. least one hour. in the operattng ', o

enwronment’ before use. R
Dlsk§ should bé&acchmat;zed in the R
: test envmonment for 24 hours before RIS
tectmg. Lo L

In. the cases of 1tems ( a), (b), or (c),
Mo mol.sture should be pérmitted’ to ; L
condense in or on: the cartmge. T

n 3 . 4
v r" T .
\ ‘},‘ .'.
Lot q \ . - .
SRS ) ' . ’ ".'. . -
: - SR )
.o N . . H
. . R . b. .h
. — - ' . ° ‘.
»\' . * B L4 -
- . ',f". A
b AL ¥ :
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1.16 Flexible Disk éare and

-

Handhng Recommendations

(11) leure to ‘observe the T<H
gmdellnes in item (10) can result
n:} edia damage. Be careful’ '
bott the the storage locatlon.

(a)

" (b)

(12) Dlscontlnue the use and acquisition (a)
of flexible disks which appear to "
' shed excess debris and cause rapid -
head wear. . ‘

-

1

/

(13) Never place a magnet of any kind - (a)
onto the envelope surface of a

flexible 'disk cartridge! See -
‘sections 1.11 and 1.12 for the

effects of magnetic fields oh

“data recorded on flex1b1e disks.

ot (b)

(14) For long-term storage, the
flexible disk cartridges should .
" be stored in a vertical position
in g ten-disk storage container.

(@)

(b)

e Reﬂlarks”

. magnetized screwdrivers, ete.!

60 "

. T R
Acceptable temperatures and
humidities are normally maintained in_

_an operating area such as an officg.
Howeves, the tegiperatures in a closed,
hot,Qtatlonary, automobile in the . .
sunlight may exceed the UBper limits. «
Excessiyely cold temperatures ma
make these disks r1g1d Acchmatlze
these-affected disks in agnhormal T- H: ¥
environment (see sec. 1.16-(10)) for
several hours before using.

‘Dor't use a flexible disk asw place mat.

They may have abrasive surfaces wﬂlch
create considerable friction and heat |,
and usually hav% short ‘pperatlng llves. .
The wear rate for a flexible disk «-
compared*to a gomputer tape is
accelerated by the fact that the disk
heads will pass over and make contact
with the same point on the disk surface
typically five. to six times per second. ..

A rapid decrease’in the disk signal level C

may indicate a rapidly wearingdisk
surface. Built-in disk coating
lubricants-reduce this wear effect. *

These include typical bar magnets
found ir offices, coat and picture

" hangar mégnets, flashlight m ﬁts,

. eep
magnets at least 76 mm (3.0 in) away -
from’ recorded disks. This applies to '
both rigid and flexible disks.
Exercise complete magnet control in
the office and the data processmg work

-place. .- - )

The vertlcally stored disks should be
supported, by the container so tHat the$’
cannot learn or sag. Make certain that
no pressure is exerted agairst the 1sk
envelopes.

For safest storage, do not us&h
cardboard container; use a mo
type, such as a hard plastic unit.

“w

rigid

u
&

E3

e
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" 1.16 Flexible Disk Cgre and " . Remqks S
‘ Handling Recom mendation@ 14 ™ : 9
e " " St ' ’
1 5) For,llort-te storage, the (a) Do nomut‘ welgh’or other pressur’g A
';._ ¢ flexiblerdisk ®&rtridges may%e on these homzonth;sks There are , &
RS & placed-either. vertically o , « - many specialized rigis ntainers™ " v
L - horlzontally in stacks of t€n or - avallab‘le for short ong-term
B . les§® 4 oa -+ " storagé and shlp_plng of m*tlc B
s - ' ' L :mSRS 2 e SR AT
e ° ' o 1
(lp) Remforcmg.flexxble disk hub . () Speclalvrlngs have been develbed for
rings: should they be lnstalled ‘ the purpc{:e of redllelng beth the, .o
¥ by the user? . " §lippage 6f the flexible disk and inner L
L. _ . . . media hdle damag® under rot;atlonal .
, ! L » . <conditions [12]. At present$ the
L S o S - ‘ question of the éfficgey of these uger
. P - ' o«  installed rings and their possible ..
. . - . . . deletebigus effects is unresolyed for the .
. .« B ¢+ larger diggnetér 203 mm 18.0in) &nd * .
. e o . - 133 rfm (3.25 in) figxibte disks. e
. , $ o . (o) Mi¥o-disks with 76 mm (3.0in) t6 =
o » . e © 102 mm (4.0+in) diameterggwhich have =~ . .

" C, oo S e _réeently-béen introduced ingo the’ ' v
, T o o mark@t, arejan,ufactured 1a'rigid
heb matecl ,ddhesively bound §o the @  «

a , L * .+ mylar surflafe. These appear, to ¢
0 i S . - eliminate the need er these userg‘ e
, .t ~ - installed hub rings. s’ 'S :‘9 o
.. . . “a - ‘ . LI .
"~ (17) Maintain g schedule for checklng, '”Q, See recom,%endatlms .for cl‘an tébe . e
cleaning, or replacing associated - rations in sgdlon 1.3." Diftfeauses - + -
air filters. . . ‘ ¢ . d a lossesand media danﬁge. , 6 .
. (18) Use the proper type of tabto ~ (a) Donlt use any tab matetlal w@h L el Be
ik cover the write protect notch on leaves a sticky residue; yse the tabs ¢ -
p! : :
the disk envelop. - . WhICh are sup&llled with the dlSkS w -
' g “ » ™
(19) Make copies of vital or master - ‘ta) Do this as soon as [possible before .
o - flexible disks and storen. |, 3' ' . probletns arise. . T -
a}ternate locdtions. . S . M - & SIRE RN
“ L] n -‘ . l .
, (20) El trlcal‘dlscharges produeed by (a) However, electrical néfse produced by . -
» o, static eleetricity cannot damage - %}g ‘due to static glectnclty, may; ‘
. alter the data which has been ce unwan{,’ed pulses into the . ’ e
_ eorrectly recorded and stored on sens:tlve electronic system. Y :
Lo the flexlble disks. - (b) See sectxons 1. 10 =(5) and 1. 10-(11) o
(21) Inspect and réplace wgrn head . (a) A worn pad may cause rapid debris . ‘ IR g
pads if necessary - e formatlon, and a change xn signal level . :
. . ) P . o . . . . ) a
, e G : '
R 61 ' .
S e, 70 : K
X ' o b a . [ ] ...
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1.17 Computer, Tape Transport Care . °Remarls * . . -

- (1) _ A cofiputer tape transport can  Check the following:
cause immediate or delayed tape (a) Read/write heads: o ,
and data damage. Preventative ° . Clean? See table 1. and section
. » and immediate maintenance is S 13-(12). T .

[ 3 7
. ' . ) v
m:.andatorye22 ) - . Burrs, scratches, ete.? Keplace °
. n -.. -, head. . o a :
| cE : Gap smeared? (i.e., gap material
e, oo , ) - : from: one side’of the head gap shorts
. R L » across to other side of the gap); o
e Lo R T - - replace head. N
- . o : . . -Alijgned? Use master skew tape. -
' o ‘ . " . Magnetized? ‘See section 1.12<(5). -»
) . . Brown-stain? See secfion 7.2(d).
e s " , S (b) Tape pgth: o
ey ¥ . . Worn or damaged guides or capstans?
T : . . . Replace. ¢
. T . . Aligned? (Misaligned guides or
.. L . : ‘ . capstans can cause media damage.)
, ’ « . Clean? See table 1. and section °
. T Co L 1.3-(12). - |

N K

) C Clean entire path including vacuunt
. . ) - " threading channel eolumns.- Do not
" touch capstans with fingers. Removes
: T Bits.of debris and tape from the ‘
B . : o * bottom of the vacuum ecblumns.
© * - ST, "+ . Lubricated as recommended? G
. A ) - " .. Magnetized components? See section
. . . ... ‘7* . - . 1.12_(5). . :'.(; ‘ e
we ™ g % () Tepedynamiess  _ -
. /R * -« . Tapes breaking stretching, or ' .
- ca P B . . cinching? . . . | ) o
N v . ... « - Tape’loading, unloading, and moving.
o : . ..« -smodthly at proper speeds? S
D . : &8 - .. 7+ Unusual system noises? I
S C e s .+ Do tapetpacks appear smgoth with no
s SR » o - -progruding layers after & rewind
. : .. . W operation? Note: an occasional .

Loy

_‘C
L
L ¢ sunéverrpack can be due to an .
J ‘- L . . -4 improperly slit tape. ]
' 4 - T i e .* . Tape winding tensions correct? If
- ° v not#tape packs may appear irregular
: or loose. )

L 3 ) :

¢ : - ‘9 o .. ’ LR ¢ T, ;-,‘
'aﬂdost of these items must be performed by technical personnel such as Field" _
Phginefts; they idclude most of the replatements, &djustments, and trouble-shooting
chores. However, & nypmber. of these items such as cleaning, can be performed by-
operating personnel who sRould also feport apparent defects. such.as tape brébking, .
*.+ o unusual ng§se, ete., to the person in charge. There are additional system checks which

» ‘o - Will be pe ormed on-site by tl\'e Field Engineers including the, proper reading and A
AP writingof the data on all tracks. ‘A number of these suggestions can also%he applied to" ¢
g ¢ cassetse ang gartridgé drives.” . ° v . ’
? . | . LI . . A L .
." Y ] : R 62 . ) i _— »
. .. R » (LY 9 . . L ‘ . '
. " ' /

. b C ' . . ) 71 » .
' . 3 . 7 ? . » .
. e N . .

-



1.17 Com'puter‘Tabe Transport Care : . ~ Remarks’

° : ‘ ' : . Pneumatic system functlomng
s ' : _ S properly? (l.e., check vacuum levels
o - [P andspumps, vacuum ‘and pressiire
o ' ' , points, valves, chamber sealing, ete.) -
. ) . e Adjust or replace defectlve
e . - components,
.. Belt tensions correct"

[

e 117- (1) and 1;2- (9)

-
.0 o

P &

B .

Lo L .. 63
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2. WTerm Storage - Care and Handling

The purpose of” the following sections is to describe the methods for controlling
_those- factors ‘whieh have a direet impaet on the long-term archival storage of -
computer magnetic tapes and on the retrieval of their recorded lnformatlon._ 'I‘he~
‘archival propertles of the total systems and codes are not considered in this paper. )

- - There is no unlfled or analytlc discipline available at present with which the ' ;. -
-e long-term propertles of : computer magnetic media and the stored-data can be
completely predicted. '-;Thp available (and limited) information concernin the
archival properties of flexible media such as computer tapes has been derWed rom -
two general areas: . _ _ -
(a) empirical observations, 1ntu1tﬁre estlmates drawn from experience, and
- surveys all based on large media populatlons [5] through [9], [25 ,[263,[27]. .

(b) extrapolatlon from small sample experlments and* theoretlcal 1n51ghts
: .--[22],[28] [29],[30];‘* : . , .

This sectlon will present some of the: 1nformatlon which is avallable for these two ’.

cases; i.e., the small and large sample computer tape populatlons, Each area will be -

presented individually. It should be understood that the-information presented-for

" the large sample case does not presently have.the theoretical and experimental

underpinnings of the small sample case, while the -extrapolations from the small
. sample theories have not yet been proven to be effective when applied to a large,

"general tape populatlon which’ contalns a representative sayl{ple of the available -

media.

An underlylng cause for the analytic complexity of this archival®roblem stems from

" the multivariable nature of the tape medlum and 1ts response torits handllng, 1ts
systems, and its environment.

-For example, it is often difficilt to design a.dynamic. experlment which wil leadto "7, '
-valid judgments about the probable end-of-life of the storage medium. Sometimes /
“the dynamlc test procedures will intrude. their own characteristies into the results so
~ that it is difficult to separate the cause and effect ‘variables. An example: of this
type of problem appeared in an attempt to determine the effects on the, ...
_ "error-production” tendencies which existed between a tape transport system and
; " reels of magnetic computer tape. It was found that ‘the number of passes required
! for a single reel of tape to run to failure when shuttled among ten.similar production” . *" ..
FS N 'transports ‘wg§ quite, different from the number- of passes‘that were required to'run. . '
IR _each of - ten réels of the same kind of tape to failure on just one of these transports o
., - - [31l.. This difference was attributed to the machine dlfferenees rather than the tape " :
& differences. - However, these transport differences were not evident durmg the1r . :
operatlon in actual computer systems. o . . ,h R : ¥ B

e .

IR o

Another e:tample ln whlch the dynamic operatlng mode affeets. the end-of?hfe isas ¥
follows: . There is a difference ‘noted in the rate of..data’ loss (drop-outs). if a
'magnetic computer tape is shuttled over short segments or over an’equa}*number of"
passes over longer segments of the tape. This is caused by the variations in debris

. - gemeration- and distribution caused by the. friction between: the tape and (a) the : .

B _ mechamcal guldance system, and (b) the recordlng/reproduclng head. RN R
,_‘ “4_‘ A [ . . " . .:‘K" L ! - ,'; | ;

@ T
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- . Although lifetime testing of a medium should be performed under conditions which .- " : Y

are as similar as possible to the actual operating conditions, very ofteri this.is not'a ~©. . 7%

practical approach. This may be due to the expense or to the length of time which:

may be required for the test. Considerable care must be taken however- when ": .
; attempting accelerated lifetime studies because in, many .instances accelerated ¢ - ..
lifetime testing procedures yield results that are riot valid because ‘they 'are not ™~ -~ "
truly representative of the actual envirgnmental conditions in~ which the medium - ..
must function. ‘As gn example, by using very hig femperatures it is possible to. T
produce an observable breakdown of, magnetic t in a short length of time. '/ . .° .=
However, in such a test, the researcher must be careful. to- remain; below T
temperatures. that can produce chemical phase transitions in the magneti® oxide ~ - .-’
particle material because the effects of heat are not cumulative for a tape: That'is, ... @
during normal operations no amount of heat below the critical value can producea - - -
phase transition (for example, a gamma to alpha transformation) in the oxide® . = . .

-

.particles. v e

In a series of simulated and acecelerated head-tape wear test procedures, it has been © i
found that the relative wear results among a group of tapes reversed themselves.as .
a function of the substitute metal which is used to simulate the head materials (see. .
sec“;?.z)- ’ . ’ . ’ . N ) ) ) ] ) '. .l.‘_" - - .".‘

Experimental evidence has shown ‘that failure to extract ‘the information from e
magnetic media is almost -always attributable to :the physical or ‘chemical ¢ - * o

deterioration of the media rather than the volatility of the data. Data volatility is &.f;- A
function of*the magnetic relaxation time of the recorded oxide particles assuming.:” . ..
© no intervention of undesirable energies such as high temperatures or unwanted LA
magnetic fields ‘[13]. Under ideal environmental conditions, the recorded:data ' 'y, i
contents will outlast the physical and chemical structure of ‘the tape materials at. .“ &

the present day particle sizes (volumes) and operating densities. In ‘a"controlted’ -/, T g-"._ _
environment, it has beep found that the recorded tape signal levels decrease 5% to:"' ¢ . 7"
&

10% from their inftial levels during the-first 3 to: 5 reag ‘eycles, At this paintj ‘the. <= " %
signals levels tend to stabilize;so long as they are not- subjected to read/writehead " .. ; @
demagnetizing fields. - S : S e v ¥ L G E

An intuitive estimate for the improved: modern computer tapes. dnticipatés: afy - aair
effective lifetime of 20 years a$ compared to 10 to 12 years for tapes produeed in*; .
the 1960s. -The superior archival qualityof the present day computer tapes is mostly :

due to improvements in the physical, chemical, and meéhahiéhi:@aii '@é"pf-:;ghp tape q

KRS

rather than its magnetic properties. ' These stem from: - (a) improvet long: wearing:
: binder formulations which' provide an efficient_bond ‘to, the tape basg {myld heany -
' ‘resist the tendency. to- disintegrate -or ﬂake;gasﬂy, (b);new surfaée calendering. -
methods which have smoothed tie tape surfaces by a Ximately- T0% to:80% (i.e., " .
r»#  +lo a present average surface roughnesses of 0.025 uNEX ;:';;in);tq;o;ls;i_p’q'r' 8, uin)),:i i
(e) the application on many tapes of a new carbon bastd back coating 'm'agg‘ﬂ%k‘ Bélé ;
(d) improved manufacturing control of the physical’ pardrijdtersiof ‘thergape. ™ All "of },‘. B
-+ ' these developments tend to. reduce the-productionbﬁ@a’#gjébnis debr{:e A

as well as head wear. - Loose .debris particles can.evél tqgiy lead £06'permpiint JElk -
damage when they are pressed into.the surface by the: lerge padk windingsresstres’ 4

- during long-term storage. : Ror example, it is Wjﬂ}{g&gogz-get;rprﬁﬂla Gibcesity 8 o ow

- read-after-write check on a computer tape prior to &t rage; fiowg r, the Jooseg * % o
., debris can permanehtly distort or "dimple" thetape'la:z make’it \gsfpné&at&' S

_irretrievable after long-terin storage.” . - g A e e sﬁq S S
B S TP A i RN L~ L DA
1 ; ' . 65 ¢ L] - .{'.4 b n -:.' %‘ r‘l: -.‘. %{" . B
\‘ r * -. e . ] 0 . -’;,@ :}‘} “.: .", \ " Vi .
: .d - i .G i"_ - "u p _y.‘ -"H’" ) Yoo *
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' The Archivist of the Umted States has estabilshed that "archlval“ is deflned as -
"permanent-forever " However since most practical stored materials neither .

Ce require .nor- possess such extreme" capabilities, several other varied: classlflcatlons el
» . have .arisen,”. .These are: medium term—up to approximately 10 years; long ..
0 - tel‘mv—-apprommatefy 100 years; and expendable-—used and discarded within a‘short- .. . .
e t’lme. ‘Since it has been estimated that present-day computer magnetic. tapes have a .~ -

NS n' f life 'of approximately 20 years; it appears:that. the storage phase should- be "

) cons1dered as med@;m term in length. HoWeVer, ‘the’ critical dynamic portion of the -
! “..' ator@ pha& ean extend the" arehlval time well beyond the medium term. - The
"djnamu; storage phase is-déedieated pmmarily to- the Iong—term maintenance of the
contents; through the.process ‘of 'scheduled testing -and ‘media replacement.
t%nlar end master taped c¢an:-be: recopled onto new reel$ ad infinitum since; the
physacal thedium ‘hés .no mtnnsw value :asin’ the. case of; éay; historical documents. & -
,° The replacem ‘@osts gre' partlally oﬁ‘sét when the data’ tl;ansfeq is performed from\ R
-7y low dénsity, tape. format to .a Hewer high' den51ty format. * This ‘density- 1nerease_ S
"' reduces-the ‘numbe of réquired tapes and can release’ valugble vaultaspace which is. .7 . w
".,'.vi becoming . extremely costIy and scarce*othh the’ fast growth of computer tape"'

! arfmves‘ s R . _’,-_ o .". g‘,?"" : .. .. .;,; R
2.1‘ Long-'l‘erm Archlval Storage. Large Populatlon Cases ' _' L =
’*l‘he lnformanon in. thls sectlon has been derlved from many emplncal ahdﬁwmve B "‘, -
Bserﬂitlons, operatxonal' experiences, and surveys based ondarge medla tions f ' S
 fgllowin sequence [6],[25]?3 - ,‘,? 3 o

s “{‘?f 7 s

] ,hat az;e., Mseh erm ._étorage- :
sl Preparation of the-Tapes Priorto Long-ﬂ‘erm Storage
fendations Gorjn%)n Tapé” Phxs;cal Breparatlon_ i

£ . : ; . e. ¥ e
S8
\ . Y 5 ) d ‘ . %
' The'prep atlon phase lncludes media selectxon 8nd p" ecqndltlomng:'prbcesses The - .
storage ‘Phase is the,phase"; which is- most directly ‘conce rifed t the agtual archival
' propertles of "the’ stored medla and partlcular}y oﬁ‘ eir ata ;co tents and ‘is
“ nsidered in terms ‘of " controllable ‘static -and tdynamioa proce,sseé « Finally, the . :
R activation phase is concemed vnth the recovery of the stor.edf dhta en the media e
DUDSE removed from the arehlves T : L SRR
-.',“ T




' EJ Preparatlon Phase | |
| (1) The Quallty of the Tapes that are Chosen f or. Long-Term Storagg

‘.v )'vl
[ RO

no (a) The candldate tapes for operatlon at 8 bpmm (200 bpi) and 32 bpmm
L »} (800 bpi), NRZI, and 63 bpmm (1600 bpi), PE, can be chosen.to .be in'
' comphance w1th specifications which are descrlbed in documents such as
“the U.S. Interim Federal Specification W-T-0051C (GSA-FSS), March. 1,
. 1975, for 12.7 mm (0.50 in) computer magnetic tapes.23 Compliahce’ w1th
" these specifications assures the quality and the lnterchangeablllty of the -
computer tapes when they are used both internal to, or. external to: the’
'_ ‘originating computer system. Therefore, each tape will not be restricted .
to operate only: with specific transports and electronic setups. Manyl :
available brands of standard quahty computer tapes comply with thls
speuflcatlon. ; .

%

(b) The followmg tables 2. and 3. show some of the tests and exammatlons -
’ -which were performed under the aforementioned specification W-T-0051C .
(GSA-FSS), March 1, 1975. It can be used as a guide' to test procedures
‘which can be lnstxtuted by media manufacturer and user orgamzatxons. b

¢+ .. i chosen 12.7 mm (0.50 in) computer tape is the American National -

.~ . s~ - Standards Institute (ANSI) Standard entitled "Uqrecorded Magnetic Tape .
s . . . (9-track, 800 CPl, NRZI; 1600 CPL PE; 6250 CPI, GER) (ANSI Document: -
e 2T X3.40- 1976) ANSI has also deVeloped a series of standards for other

.- . Note that unrecorded standards are.r.
t e in detail to the GSA-FSS speclflcatxon. T

LS a0y (d) There are- computer tapes whlch a&diescglbed by thelr manufacturers as -
T e "permanent," "archival tapes,”" et¢: Okaer since: the ICST Computer-
.+ ! - Storage Media Group’ ‘has pot perfofmed’ any in~house experimentation with
JLr " such extendtd life magneti¢ computer tapes, the following statements are
=, 0 .. " not to be construed as an endorsement of these media. ‘There are computer
- tapes on the market which are claimedrto ha:re potential lifetimes of 20
RIS ‘years and.‘a capacity for millions of ‘passes. Typlcally, their long-life :
R - characteristics  are based upon’ extrapolatlons from ' accelerated = test:
.o v w00 procedures. It has been reported that some of these extended life tapes .
. . have very hard binders which can cause rapld head wear. In addition, it'has
R been. found that the final error production’ tendencies of ‘some long-life,
i Al hard binder tapes eventually approached that of the standard tap@ [7]

. . X . . . , Sk IR
[ . . : T oo
S : A :

23COpleS of thlS speclflcatlon may be - avallable through the General Serv1ces

- '\"2‘__'“ .

(c) An alternate source for use in makmg quallty Judgments relatwe to the -

" “computer storage media such. as ﬂezéhtale disks, cassettes, 4nd cartridges. .-
ired for testmg 1n[ormatlon sxmilar» Lol

Admlmstratlon, Automated Data Telecommunication Services. - The GSA-Magnetic

. Surfaces Laboratory which performed this speclflcatlon testmg was termmated in’

February 1982 e i
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‘1'... Tape length -~ = | T 24, Tebe reel dimensiens .
" 2. Tape width _ : “ Y ] 25. Flange labe; area '
8 Tepe t_hiekness" . | | o _ ‘26(: erte enable rmg
4. "'E"fve_iue : C '._'27. Tape reel env1ronmental stabllxty
5. Photoreflective nierk'ers’ | | ~ 28. Moment "of lnertla
6. Marker reflectivity ‘ 1 ) | 29. I._.oss'ofrecorded_ mform'eti'on
7. Yieldstrength ' | | AT o
8 Elongatlon under stress ‘. | o
"v'v"‘.", 8. Longltudinal curvature S S .o .
3, .10.‘ Abrasmty . . | - N
11.- CUpplng o | | n
,._12. St;ffness ; | . | SERE | |
13, Sphces | |
14 Output srg'nal level SR o "-_\,

' 15. Surface umformlty defects .

16.’Ease of -erasure : Cor

- 17. Dynamlc skew. - :
18. Start tlme
: 19.: Ten-foot wear ' .

2. Compatibility ~ . .

21, Wear deposits - - _'z R R

'22. Environmental Wear '

23, E'lectri'eal"resistdnce Lot T




" ' TABLE 3. GENERAL EXAMINATION OF TAPES ~ : 7/

.

. '
R

L

o, .
Be !
e

Vo e 7;@

.'.'. ;'Q'-.'}

' Exainine |

I

w., ot

Reels: » |

Appearance.

.y
o -

_ Identlflcatlon and labehng

o

: Reel color

erte enable'ring
Tag; |
Wlnd

Wound plIe (pack) envelope

-

A

- A’ppéa'rance % _

. Construetion ..

" “Reflective markers:

Reel contalners. :

Condltlon as recelved

Voxds

' Not as speclfxed"

o 'Mlssmg'
L 1mproper method of apphcatlon. g

- ,Improper packagmg-
'. damaged contents. o

v
A

.“‘ ,’

' mcks ' and other

(0.50 in) in length

_ Not as speclfxed"

M_lsslng; 1mproper fit.

Not as speclfled"

- Tape pile (pack) not smoothly WOur;d- loose,'; S

with visible: folds,

buekling, . cinching,

. spoking, or gaps. between the tape layers.
. ‘Protruding tape edges,

groups of layers.  Plane of the tam@ﬂe,not :
- 'perpendlcular to the reel axls. SN

tape layers, _oer

Tap% surt‘aces not clean presence of dll‘t, Lo
dust; ‘lint, fuzz, or other Toreign, matter. . .
- Presence of ‘blemishes, holes, tears, creases, -~ .
2 oor wrmkles, split -or ragged edges.. Praehce-'.
_of adhesxve substance. R R

“Tape does not unroll evenly and umformly'"
tape stlcks. St .

1ncorrect placement, '

. .'Not as speclfled" S

* iinproper |

_ sm'fa ce «.
1mperfe‘ctlons whlch do not fall with1n an . . -
area of a' circle 1.6 mm~ (0.063in) - in :

diameter; scratches wluch exceed 12 7 mm

© ce X . ..

virrinkled;‘

marking; '

. .. . Ny
. . P
¢ N C Dt
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There is contmulng research by media manufacturers towarcb produclng a
premium or superior line of computer tapes whose lifetim es and adherence:

& Co ] .. to requlretl interchange parameters. are better’ than those which are
R L. achieved with standard brands. - There are expensive premium tapes.with a"
R lifetime: antee; : these tapes will be: replaced: free of charge . lf any -
e+ errors evegﬁevelop Q120)]. Unfortunately, the’ replacement cost of ‘& tape
vt ™. “js- minor ‘when compared to the cost for reconstriicting permanent read

- errors’ which have .-developed in* ‘archives, It should;.be noted that tapeg
. which are designated for-dong-tefm archival purposes do: not ngcessarily
L require the capability for withstanding a large numbei* of passes. In faect,
“.. .+, . the hardness or softness of a tape binder is not necessarxly an indicator of -
. . the durability of : the, tape [18]. Instead they: require physmal/chemlcal
' . ‘stdbility-over long perlods of time and propér-care and handling techniques,
‘in archives. - The effect. of the archival handling. methods on tape life can
be 'monitored through the ‘scheduled use-of “error- logging Jsoutines which . .
. o penodlcally read, detect, and count - ‘accumulated " tape_ errors from the’
. e-_ - -stored‘files in arcluves. This ‘can’ yield useful statistical mformatlon
o ~ relative to pending’ problems and poss:ble correctlons prior to. major lasses.. .
" At the present time,- hOWever, the long-life compiiter: tape- user posmon
- should be one;of -caution. until sufficient . long-term evidence, has been
presented on: behalf: of parfxcular brands ‘of arcluval tape wluch are made N
: available in the marketplace. ST S R

“(e) '-Computer magnetlc tapes whxch were, produced pl‘lOl‘ to 1970 should not’ be’
chosen for long-term stérage even'if they have never.been. used prewously
- since it has been found that ‘they have 'a greater ‘tendency to develop
.. . permanent errors.as a functlon of -time in storage -than tapes which were
L ST .,developed and’ produced in the 1970s and- 1980s, .It was found for; the
oo pre-1970. tapes that the ‘buildup and. accumulation'of ‘tape errors in storage
7. . increased apprmnmately as. an exponentxal function of time-and that errors. .::-" . .
~.developed even in good storage environments:[6];~This error growth is .. -
.. » . particularly. evident "in the older tapes wluch have been recorded at ;¢
L 32bpmm(800bp1)(N D, o . i s

(Y In order to aclueve gr ter security agamst the loss of data due to tape S

< deterioration in the primary or. backup storage. location, do not usé tapes-:;:i . ’

- from the same manufacturer's lot for both the arcluval tapes and the e
'_,backup (duphcate) tapes. T , . : :

EHN

(2) Physmal Preparatlon of the Computer Tapes Pl‘lOl‘ to Long—Term Storage : | -

' _.Fact_ors whlch mfluence the physlcal preparatlon of the tapes pnor to &
are: v ’ : B

whlch records the data for storage. For example, 1t oan mtroduce debrxs
“‘into the: tape winding$; it-‘can also produce ‘an unevenly wound tape. pack.
" This-upeveness ean: produce laterally dis laced windings whose ‘edges can be .
damaged by operator mwhandlmg -of the eel flanges (see sec. 1 .2-(1)) '




(c) The tape. rewxnd temlon after recordmg has a s1gmf1cant affect on the ,
S .. -long-term storage quality of the tape. The tape drive should not introduce:
« : - large tersxon variations when rewinding.. ‘the.tape prior to storage. Too .
-+ -small or too large a tension can cause. eventual tape problems. Excessive o
tape winding pressures and humldity and temperature swmgs in storage can
~ . produce permanent: “distortions -or damage to -the tape, ‘while very low:
. winding pressures “éan produce layer-to-layer’, slipping " and creasing or .
"+ "einching™ in the ta‘pe pack upon acceleratlon whlch can lead to serlous
data losses (see secs. 7.3 and, 7.4) , L S,
\ o o R '
(3) Recom mendatxons for Commxter Tape Physncal Preparatlom'\ v

. - /. . ni
S (a) Al ta&s, 1nclud1ng new tapes, whlch are selected as candlthes for-.
- . long-term -archival storage apphcatlons should be cleaned and tested
"+ (evaluated) at the antlclpated recording density.-. Certification and manual

' error removal is an optional actmty (see secs. 3.2.1 to 3.2 3)

() The cleamng and evaluatlon should be performed w1thm s1x months- of -
‘ apphcatlon prlor to recordlng and storage. R o ~

(c) A maximum of fwe write skip errors should be allowed on any candldate
T . tape; prior to long-term. stotdge; none of. these ,errors should exist on the . °
first 30.5m (100 ft) of tapew- No permanent err%m are permitted (see see. -~ .- P
3.1).. Serateh. or rehab111tated tapes are not recommended for: larchlval o
storage. i . : : R TR S
. (d) The candidate tapes should have less than 50 full passes but more; than four A
. . passes. New tapes should be exercised for the requlred mlnlmum of four

PR

%  -full passes pnor to recordmg Co _n. R BT B

o “np (e) Pl‘lOl‘ to fmal storage, after cleamng .and evaluatlng, whxle awartmg the
o 4‘;’ - "“récording of the archival data, the tapes should be given a full length pass -
© .. .. - at'normal speeds, no high speed rewind should be performed. The w1nd1ng
J.v+ """ should be performed in a constant tension or ‘programmed. rewi ;mode at - - -
v approximately 1.7 N (6. ozf) to 22N (8 ozf) per 12.7 mm" (0.50 Agwi ‘
 tape (see sec. 7.4). ; ‘ R R

_(f) : Fasten all tape le:_x aEswith A soft sponge, rubber grommet, or v1nyl Stl‘lp

oLt B (g) Make certam tha, : properly labelled w1th a self-adheswe label
SR Write with a ballp\ ,_pen or typewrlter on :the label,. .Do- not use a"
A graphite pencil or any water soluble 'marKer. . A. label may not be necessﬁry

: }‘ : 1f ag‘ape Management System is used (for example, see seb 4.2). N
. - <'~.."-."‘(h) Place ‘edeh’ tape into &’ fully end! ‘Led, clean transparent canlster. Make "
3 ©~ = certain that the canister is fully did tightly latched. Wrap-arolfﬁd tollars
- should not be used wzth tape reelsQ’whose flanges have w1ndows or apertures LT

(See sec, 1 3-(6‘)) e ) S ,f_ , N RN
) % L ‘;, N L ,' . te . . , ) . , . P
. ; ,() ‘As an optlon, seal the camster in - a polyethylene bag Thls reduces the BT
) evaporatlon loss of components from the tape coatlng R e
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(J) St.ore ‘tape in an uprxght (on edge) posmon in" vault. The camster will

support the reel by its hub which is: its’ strongest member. For long-term

*“archival storage, avoid- dewces Wthh support the tapes by thelr flanges T
rather than by thelr hubs N T o o

(4) Preparatlon of the Data Prlor‘§6 Long—Term Storage.

Some factors wruch mfluence the preparatxoh of the data prmr to storage are.
L. (a) Tap&s whlch dre recorded w1th m1sahgned read/erte transducers may bej o
oL dlfficult to read back on. any transport other than t-he orlgmatmg umt. - 5

o (b) Tape transports Whlch have. dlrty, worn, or mxsadJusted gmdance systems *~ o
.. can damage’ the tape,:cause skew effeets, and add debris to the tape R
Th&e defects w111 eventually cause the loss of data in storage. R W

(c) It ‘has . been reported that computer tapes which had been recorded at RERIER
. _ 32 bpmm (800 bpi) \using the, non-return-to-zero. (NRZI) mode“of recording -~
o IR tended to- develop more errors, in storage than tapes which were recorded "~ vt
. -using phase encoded (PE) methods [8],[9] It .has been recommended that .
. either a 63 bpmm (1600; bpi) - PE method or, an NRZI method at a lower -
mformatlon density such .as. 8 bpmm (200 pl) should be ‘used for archival -
e storage pUrposes. Although relatively new,Ait appears that the high density .
o 246 bpmm (6250 bpi) computer tdpes have good- archlval quahtus._
R g’_ = However, there are both favorable and unfavorable factors~ o '

(I) Favorable. "The ‘overall handlmg of the computer tape by the typxcal L
- 246 bpmm ‘(6250 bpi) drivé tends §o be very gentle. For example, the
. ,,' : ', ., ‘oxide.coated side of the tape generally does not rub or contact against . !
' . . .any transport or guidance surface other than the read/wnte head, if;
‘a7 . 7. . -efase head, and cleaner sssemply. There are_ usually Very small and
9 T e T el .controlled: wlndlng tension varlatlons on ~the present day,

R Tt 246 bpmm (6250 bpl) drlves [20] ' ' _ R

. (2) Unfavorable. : Smce 246 bpmm (6250 bpl) has a maximum- recordmg, L
SNt fﬁ . density of 356 bpmm (9042 bpi), the wavelengths of these s:gnals are: .
' . Véry. short. Hence, it requires a very small head-to-tape spacing to "« ». " .
. ‘gredte a slgmficant signal drop-out loss (see sec. 8.1-eq(4)).-In other . .
.wergs, .'debris pdrticles’ whose! sizé “'would .oguse no problems at N
83 bpmm (1600 bpi)- ¢an cause data losses at 356 pmm (9042 bpi). © .

-('.!

. (d) Another experlmental fmdmg of mterest is. that therp.are reglons along the AT
o length of many ‘tomputer tapes: that appear- to be ore susceptible. than' -

. aother’ regmons 4o developing data 1osses while 4 storage. "On a’typical

_ 3131 m (2300 fj;) Terigths computer: tape, thiese undesirable regions are from .. -

g l,;f .- ‘the beginning ©f the tape to the:106 m (328 ft)point, from 300 m (984 ft) SRR

Loy to 400 n5(13\12 ft) anﬁ from 600 m (1968 ft) to the end of the tape |'26] LU

’ "'. It *as ooted"'that’ 1f a recordmg stratégy could be dewsed whlch avonded
thse ons, ‘tHen' there ‘could be a srgmflcant increase ‘in: the useful

. rage ‘of the data on the: tape medium,. - In this study, a tape was »
' ~reje‘cte more than one parlty error was detected over any 300 m (984 ft)

[ ." .' : ) ..‘ “ . _J '_ K ’.‘.-
G S . . o . . L. . '_ .




oL iy concept is dlffleult to achleve. L

(5) Recom mendatlons for the Preparatlon of Archwal Data.

") ....j;'Check the read/ wnte and tape motlon operat gns of eachat'ransport before

' ..:5';-__"» s _ tape is| most requently. suggested. ; » : :
CE) - Avoid the use"ef. 2 bpmm (800 bpl) (NRZI) recordlng.for tapes whnch are to e

Y D w—J «in, op-.ds close to, the primary archival storage area as posmble. Do thisin. * -7<".
.. &7 order to &void- envxron;nental ‘or.physical damage to- the wtal tapes when. T

" of the tape. It was /also felt that an ef fective strategy mlght be developed. ¥ -
whlch ‘was based’ upon:the. statrstlca'.'lly derlved observatlon that there was | o

- .an optimal . block!. length ‘whieh ' minimizes. tape - errors ‘while rea.hzmg o

. ‘éfficient packing: of the "data.. - The block’ lengths ‘howéver . are ‘usually 4.
o constrain by the».systém requlrements and A pract al appllcatlon of thrs

"‘ (e): It has been noted that tapes wh1ch are recorded'and ;read oVer only a small ‘_ﬁ - ~. 3
B pbrtlon of their total, lengths dlsplay a greater tendency towargs einehing.” - & A
.Th1$ is due-to u'regular varlatlbns m the tape pack tensfon caused by the ' / oo

partlal w1nd-rewmd proceses._: Tl TR
' =~" AU "‘;.'JI "_‘,.

Sy

"

‘(a-')".‘_Make certaxn that the tram_por_ su n
- adjusted prlor to. recordmg ;\_{. !

. ecommencing :with the" recordlng of. the ‘archival tapes. ; Do, this. with 'a
L known clean’ error-free. tapé whic¢h can. theh be used to perform a read—only P
© . pass on all of g:e transports._ -ThlS will check thelr ielatlve allgnments W e

L (,c); ."Record the arch1val tapes and then remove the wrlte mb}e rlngs in or:der ¥ h

to proteet the tapes agalhst erasure. (Note that thls ‘may not be ,.reqmred
~ witha Tape Management- System such as TMS-II (see sec. 4 2) )

w‘ -

- L) Perfbrm e "react-only" pass on each tape ‘i order to verlfy that an. -

error-free recordlng has been made prlor to storage. __'_ S SRR ¢ ',

'_",When performlng tm ?,verlflcatlon, the tapt should‘always be gjven -8 full L
g +gnd-of-tape mrarker (EQT), and; then rewound at ar

o + normal speed, only.” Thé. winding should be peﬂ’brmed irt‘a constant tensj &)\
' A nOrma}. tensmn value -

or ‘programmed rewind mode (see.

T 7.4),
T approxfmately 1.7 N (6 ozf) to 2. 22° (

..per 12. n'{| (0 50 1n) w1dth Q,f

: ".be placed 1nto long-term storage. . 5 N

(g) Important jtlon* 1f possible, uhmedlateiy*record the BacR'Up coples of all A »
vital tapes and move. them® without delay ‘toTthe - ‘alternate location. ," '. SRLY
" Perform all-steps in.item (5)." The backup: copies’ "should be<¢eeorded either - R

Y . they are in- transu to anexternal duphcatmgfacilt‘ty. B T AL R
'_ 2.1.2 Storage Phase e e -;-,‘ : S T L
o "" - 4‘ ) o ) y N TR K PR K » ..
The storage pr phase is the one most d.lrectly ‘associa the: :‘-‘ j:‘
T ;.‘maintenance of the recorded" media- and the systems, Smc PN has been estlmated
- that _present_day computer magnetic tapes’ have. 4. shelf- i‘e'r f - approximately20 -
~ years, it appears:that the storage.phase cén’ be consmlered as a médlum llfe term L
programaspre\nowlydeﬁned ST T e B Tt
o TR C S
] ':..}:‘- T L M s -’ ~' .
|. ’ [T - ‘.
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' The storage program consists of a static phese and a dynamic phase. The static - *

.

K}

phase deals with the; .eontrol of the ambient stora,ge environment and the physical

housing of the magnetlo medla. The- dynamie: ow&wtlve portion of the storage .

“ progrgin consists of measures which cari“be undertaketi, often on a scheduled basis,
_to prevent, to seek out, and to clrc'ufnvent the loss of stored data due to the physxcal

distortion or chemical deterioration of the media. Thé:- ‘dynamic portion of the -

storage phase can extend the life of the data well beyond the medlum term if it is

. deemed feasxble and necessary. "

[

(1) Statlc Phase

The statlc meg
. cleannes, and
environment /i

A St af,‘malntalmng a proper temperature, hum idity,

~ high class clgan room- conditions which are produced, for example, with
Jlaminar” air
needed, posjtive internal air pressure systems irn the storage areas are
highly recofnmended. This will prevent the intrusion of external dust lnttﬁ
these arfas. Whenever possxble, the temperature and- humldlty of *the
. stora o/area shéuld be close 'to’ that of the operating computer environment
in order to-avoid subjecting the 'tapes to large ambient changes v«‘hen they

are transferred from the vault to the computer installation. If “possible, .-

the ‘vault temperature and humidity should be within +2.80C (+5°F) and
+5% RH of the computer room's T-H environment.

BT n%f‘&
[ i

" There are commerclal orgamzatlons available that provide secure storage

vault services for computer magnetlc tapes, microfilms, and paper. They
-are. often located underground in order to protect the stored materials
agamst explos10n. They are held at a constant.temperature’and humidity

and .typically employ electromcally filtered air systems. The use of these .

- eomm erclal repos1tor1es24 ig'very'valuabie if a redundant’storage approach

is taken, i.e.,- dupllcate tapes are made for either all or part of the tape “

library and stored In varlous locatlons as a precautlonary measure.

\

It has been found that a magnetlc field supplies the only k1nd of energy .
] that can cause undetected data-destruction without any accompanying
/ _' physical d1stortlon or. damage to the magnetlc storage media (see sges.

1.11-1.12)."It has been determined experimentally that there is no need to
shield the-stored data against x-rays, h1gh voltage fields, nuclear iation,
high frequency fields, or’ lightenergy (see secs. 1,9-1.1D). that a
spacing of 76 mm ( 0 in) is-sufficient to protect the recorged media.
.against magnetic fi ich are far more intense than are ever found in a.
normal énvnronment or t at can be produced by a concealable permanent
magnet. , .

. o &

" BN

s " .
"

. \:. .

~.~ .---\ da.ﬂ“ . ' B .
# , 1 . '. ’ ‘

24Com merei ;’ storage f aclhtxes for comhter magnetic medxa can often be: located -

through the Yellow pages of the telephone dlrectory (see sec. 1 2-(33). +

’
n v

<’ . P L .__‘g:

s ' vt S Lt e A®
: A

:; pvironment for-the stored tapes. A good storage .
ggwhjch “approximates the characteristics of a tape '~
‘measurementlabSrdtory (for example, see séc,. 5.2-(5)). Although the very

ow systéms through HEPA filters (see sec. 5.1) are not



A

.... '

> ® .

'@ " Finally, security measures should be undertaken to protect the'tape vault

s

R I

.against unwarranted intrusion or catastrophic damage.  This is done with
:'&orutoring devxc. such as magnetometers and properly insulated vault

bﬁen found to be the greatest threat to the magnetic tape reposltory.

- (2) Recomme tions (Statlc Phase? - I 4
(a) Mamtaln vault temperatures in the’range of approxlmafely 15. 6°C
- . (60@)to26.7°§(80°§) o .

’
A

* (b) Mamtaln a vault h\umdlty range of from 40% to 60%.25

S ’ (c) Malntain the yaylt temperature and humldxty w1thin +2 8oC (+5°F) and
+5% RH of tlb(‘-H -of the ¢omputer installation. o

g). Employ positive qmternal air pressure systems to reduce dust
contamlnation in the v't\. .

. ' ‘ K

i ' (e) .Use commerclal or other alternate vault systems for redundant tape
‘ storage of \ntal tapes if possnble (see sec. 1. 2—(33)) ‘

(f) Store tapes in (canisters in an uprlght (vertlcal) posmon. Seal the
: camsters in polyethylene envelopes., ° .

. (g) Malntaln vault securlty agamst entry by unauthorlzed personnel (see
sec. 1.12-(4)).” -~ . e . .

*. (h) Use magnetometer detection for controlled entry of permanent
. magnets into the vault area. See seection 1.12 for methods. for
. - protectlng the stored media agamst magnetlc flelcb’ " :

(i) Gbserve all of the fu%safety recommendatlons listed in sectlon 1 7.
For ~master and vitaf® tapes; consider the specialized” -vaults
recqmmended in section 1.7-(5). o ¢

V]
G) Consider the potential for: vault area floodlng and fire flghtxng when

desxgmng the installation (see sec. 1.8-(8)).

-

(k) Carbon dioxlde (CO9), Halon, and water are. permlssible for faré
" extinguishing. Large plastic sheets should be kept on hand in order to.
* cover the tape racks and reduce water damage in case of a flre or an
1nadvertent water sprlnkler discharge. ®

-’

. . -
..
. . . RERTE . “,"

25Note that these témperature humldxty conditlons for long-terih archlval storage

are more stringent than those given in section 1.4~(1\" These recommendations are -

applicable to. computer tapes which were produced prnor to. 1972 and therefore
r‘eqmre closer tolerances. . ] ,

-

RPN

nstruction which can pretect the tapes against fire hazards. , Fire has -

-

/

i
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l')‘ynam ic Phase e '

" include tape cleaning, tape rewinding, phys.

- performd at normal operating tape speeds, willrre
_stresses which have built up in the tape pack duting t

- g ? B

‘The dyﬁa/mic portion of the storage program consists of scheduled.active
rove the chance of survival of =

measures which are instituted in order to i
stored magnetic computer tapes and t

tents. . These measures

spection, recopying of key
all of the tape files.

ke .

tapes, and scheduled reading of sample tapes 1¢s
It has been found that if tapes are exercised by being wound%nd rewound
on an annual or semiannual basis, then many incipient tage: efrors can be
delayed or circumvented. The rewinding process;;fifdigh’

»,

;%ﬁbrége interval
Pt
v

(see sec. T.4). .
Temporary errors can. often be’ removed' by cleaning 'aﬁd‘re_windihg the

tapé, while permaiient errors, which are caused by defects such as fused
surface debris, missing oxide, deep dimples, scratches and creases, are not

removable: (see definitions in sec. 3.1). It has been found that temporary .
tape errors tend to become permanemt if they exist in storage for a long -
time. Usually a small sample drawn from a large tape file -is -

representative of the tapes in  that same file. It is recommended that a

~ random.sample of tapes from each file should be read on an annual basis

- archival handling methods a possibility.

and checked for permanent errors. 'If a number of permanent errors-have
developed in the sample tapes, it is necessary to read through the entire
file from which they were drawn and recopy or replace all defective tapes:
Computer installation managers will Sometimes recopy important tapes on

i
e

permanent errors found on a stored master. or vital tape, it may still.be

feasible to recopy the data onto a newer state-of-the-art tape.and to' -

rehabilitate the original tape for future use in less ‘critical scratch
. L ] . -

y

_applications than long-term archival storage. -~ ° - =~ % S :

°

. EY ' o ) . L
As an optional measure, in lieu of, or in conjunction with the random
sampling approach, place a number of control tapes into storage along with -

each major group of archival tapes. They should emanate from .the same

tape lots and be recorded and wound-on:thé'same transports as the regular -

stored tapes. The number of control tapés shauld also be based on the size
of the individual archival groupings &hsg’ig'iportance' of the data. The
condition of these tapes and their dasg can be examined on a regular basis
and used to monitor the t?b'ndlftion;of the archival tapes. S

‘The dynamic program phase recomm@idations should be reexamined and
revised at intervals in order to acconghodate the continuing: technological

changes and improvements_in magne
and recording methods. These fact

media, their associated equipment,
ay. eventually make less stringent -

»-6

T :
The institution of a full scale _dyngmic handling program in an organization
with a large tape archive can be very xpensive since it may require an
organizational ‘unit with additional fersdhnel and equipment. fop performing- .
. the operations. As an efficiency (‘ne'asut:e, it may be suggested that the

R % e R |
DY TR A

f'some of the -

a semiannual or annual basis as a normal routine [8] Even if there are no



. stored medla can be classifled as a functlon of thelr relative 1mportance

. .and ,that the scheduled procedures can then be based upon these -
classifications. That is, the frequency of reading, testing, cleaning,

exercising, and recopylng will depend upon the value category which is

assigned to the tape data. The organization 'and scheduling procedures.
_particularly in the case of large archives, can be handled very effectively-
‘under the control of a Tape Management System (see secs. 4.1 to 4.3).

.. Testing may be performed- non-destructxvely with the software syster\n

(4)

- () 'If poSS1ble, m ntaxn the necessary equipment’

described in sectlon 4.4,

[}

Recommendations (Dynam ic Phase)

scheduled care and handling procedures dire in -the archive

environment. This minimizes the physical hazards. and; the :
; temperature and humidity variations which the tap&s can be: sub]ected ‘

to in tramsit., If a tape has been transported from an operational area
to an archlve, permit it to relax for 24 hours in the new environment
before it is used (alternately, use sec. 1.5-(4)). Perform step (c)
before replaclng the tape into its nopmal rack posmon m the vault.,‘

(b) 'Maintain all of the required equ1pment such as magnetlc ts%pe '
ed

transports and cleaners (see sec. 3.2) in a cléan and properly adju
__condition. Check for points of wear in the tape heady and guidance
' system which-can cause tape damage (see sec. 1°17). Clean the entire

system immediately after a defective tape has been-run, especially éf

.m_ :

perform ‘the

it has shed coating-materials. Make certain®thatasthe #ransport -
components are not defective and have not become mag'netlzec;, _

v. \ degauss regularly (see sec. 1. 12-(5))

(e) Exercise each stored tape with a full forward’ and e} verse pas at .
ba s, Use a-

normal speeds on an annual or semiannual schedul
constant tension or prog\or mmed tension wind. at normal tape speeds.

winding characteristics sxnce it wﬂl accompllsh a dyal functlory Le.y
cleamng plus exerclslng . . ¢ . )
Read at least one tape from each small tape f,lle and a 396.random
sample from each large tape file on an annual basis. ¥ any permanent
read errors have developed in these sample tapes, then the entire file

is'suspect and 'should be rechecked. The data on any tape whieh has **
_developed permanent read errors should be recopied.onto a new reel of

tape; these procedures are absolutely necessary for master tapes. A
. recheck should also be performed on those tipes which emanate from
‘the same manufactured lot as the defective tape. If possible,
carefully inspect the condition of the machine or .machines which

recorded these defective tapes since they may have caused the error .

gproblems. - Backup files are very valuable for recovemng data lost due.
to permanent read errors. . , .

(e) Setupa schedule for checking the condition of the medla and the d%ta.

on the optlonal control tapes . descnbed in sectlom 2.1.2-(3) and

f,"}‘» —

It is advantageous to perform this exercise on a tape cleaner with, good.

et

N '.'.'d;.

.
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1 2=~ (28) This mll glve an 1nd1catlon of the condition of the assoclated - _ b 4
/ archival groups. - = ; : N

(Q’- Tapes- wthP have developed temporary errors (see sec. 3 1) should be l Yo
N - % cleaned and reread. Consider recopylng tapes on whlch d large-number” - Y
o of temporary errors have developed in storage since this. could be 8@ = v ¥

"+ sign of coating deterloratlon. Other tapqs from the same lot should be NI

. ureehecked ‘ PO ;.

_ e

. o @ As an. optlon, recopy master tapes *on*an annual bams regardless of PR
' : .o ‘their condition [8]. Regular tapes may be necopied after a longer -~ . .

. oo ‘ period ,of ttme in chlves.v It;pas been suggested (optlmlstlcally) that 7

e ® Ty recopying should pe d

FokoRoo il oo day,y state-of-the-art <

at least once evgrg\ty\ years for: the pgesent
puter tapes .

® () 'Ihspect the tapes for irregular w1ndings, creasos, warped ﬁdges, e
' discoloration, or other physxcal anomalies, (see sec. 1.2-(21)). *€lean

A . - and read those tapes’ which are’ suspect dhd recopy them-if nece ary.
L 4@f there has been a serious loss of environmental ‘controld: during
P , . long-term- storage, an extemrve visual check, and rereadlng shmﬂd be

: - 3 E performed on all v1ta1 tapes B SR : .

2.1.3 Reactwation Phase = . p' - TR TR
When the- tapes whlch have been in- long-term storage are brought out to the
computer installation from the vault, they should be pérmitted to adjust themselves
_ to the ambient temperature and humidity of that environment for .approximately 24
~ hours before being placed-:into operation. Alternately apply section 1.5-(4) if
‘accurate T-H data’ are available. The operating environments at the archives and”
the computer installation should be maintained as.clean arees by usufg positive Y
1nterna1 air’ pressui'es and observnng all other clean operatmg guldehnes (see sec. . . s
1.3 _ .

¢ * . * ?'-- '."n‘l -
It is possible that -data losses w111 ogcur on reactlvated m.edia even though prope

. - care and handllng procedures’ were observed during the, eparatlon ‘dnd storage
. phases {(see secs.,2.1.1 and 2.1 .2). These losses can be" d by lmprOper,i;and N
R sampling processes (see see. 2.1.2-(4)) or possibly by a an environmental-failure, .
’ such as an ‘accidental air conditioning outage which occurred at some tlmé*durmg;
" the storage phase.. They may also be caused by a defective tdpe: coatmg, poSslbly
due to prior hydrolysis (see secs. 2.2. 1 and 7 1) whlch led to a breakdown in- the

coating chemistry durlng storage. o

P

- It is also poss1ble that the. operatlonal characterlstus of the data preparatlon tape.
. £*»  transports are sufficiently @ifferent from the reactivating transports that marginal LN
= operatlons result. - For example, differences in head wrap angle, tape tension, and:. .‘
yidance systems may produce .data problems. It is an obvious advantage if the - -
e tramports are used for both data preparatton and reactivatlon. . : )

There are wme correctlve meahﬂres which can be undertaken in the event that data :
-loss problems are found to have déveloped dur1ng the ‘reactivation phase. For NS
_examplé, it was noted prevnously that tapes which are recordedat 32 bpmm (800 bpi) ~ = -

- in the NRZI\J:_pde tend to lose data easﬂy. Cold flow distortion and skewmg of the

o _. -,*, B s .
- ‘i . : . .

¥
.ﬂ

<.
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i tape {? beheved to be the prmcnpal cause\fOr data loss at thls density Sometlmes:' |

.3" the skewed tape ‘can b: suffl‘enently strmghtened by rewinding it at normal speeds,
for say.tén times; an

. e LR
.o'.;. LA [ o

ch gre stci;‘ed £ orgone year pr lon

_ifea&iy,atlo%‘?habe i ,.

. P e |
.

%"RH of the,.vault'sT envu'onment. '

) Pf- read dxffnculti are encountered perform visual’ check of the
** “'rgdetivated tape (Sug,sed. 1.2-(21)). If'layers: of' ‘tape appear. 1rregular,
'o’.folc]ed, or, separat :orif there’ are: protrusions  of :individual tape:
'-lay;rs frdm the pa ._.- ges, then Wmd and rewmd the tape twiée over
tS entire ’length 3 i

) _;"farsand pro;perly'a PR
B _ and guldance

ntire tape transport lmnxediately after a\defectnve tape has

Imgledlately clean and attempt to r@aoﬁﬂ ‘the- reactwated tape whlch
h rod__uc‘ <he debris in (d), partlcularly if it was caused by coatrﬁg
( deterloratlon. / :

y(argmal or poor performance histories.

oy

then relaxing the tape for one or 'two days befofe finally: =~
g lndmg -and: rewrndlng it séveral more ‘times’ op. the transport: which will be used to.”:
pad the tape This shme procedure can be. rmtlated before. readlng a tape if it is: . -
Bt e t%'rh:t the tape Mndmgs appear tq be,, rrreg'ular w1th some tape edges protrudlng' T

\

-ﬁhen‘ reactwatmg tapes,. “avoid using tape trarsports W1th known i

‘of -el nd~mechamcal transport adJustments which can S

' cal"personnel which w"ﬂl redover marginal tape information. = .
figult to read’on one transport can be read-easily on "

lich have the qa’pabxllty of}'eading backwar(b ‘can- often

pé. which, aanhot e fead in the forward direction. The. . “ '

h3ports sbould- beerg.aussed on; a;scheduled b,aSIS (See sec.':- U

the neicﬁyatlon,phéser*recqm«mendatnons'are partncularly TN
iir | thpe!r in ¥he colﬁputer enwronment ‘tor 24 hours' S

A f;\ptmg‘ the' read’process: . 1f - possible;  the+computer room"
ratire*and hum idity should be maintmned'Wiﬂun +2 8°C (+5°F)

N _"espedially if- 1,.t has shed. coatmg materra]s and other debris.. . - . .
isYdebpt *n * e to thei{ol qmng tapes and cause addltxonal g
s (see'se ,}3-(12)& tg el) T .



w"'ﬂtﬁ

due to longltudlnal

por! ' 'mg step (b)
,:; .'(h) If the read problems persrs*t,\ pood ble, attempt to read and
e % bR ‘-recopy the problém tapes on; ti rts hlch origihally recorded.
a Wy : the data, If unsuccessful,~ try oth g& gpe transports for readmg

e () V}'I‘echnlcal rsonnel can often iy er,, abémal tape data through '

e L ¢ iy electronic) ind mechanlcalfﬂdeust{hénts “the tape- transports. The

RS TSR R PR .data A ay. ha&e -decreased in Sl_ 1 % el dne to. magnetized components : o

e ~on tra[sport ‘on’ whig h pes have: been' run; or- due to ENR U
BRI DA , ,ostra¥ gnet' £ ”{Se_ seqf 112) SR
Lrana fﬂ? LY - e
L X e 68 bpmm (1600 bpl), R
T Q‘ reading data “in the reverse =

l;]ﬂard read mode
dn.pr OS from a faulty tape can be costly,

.. '\. .&
oy, 1y l o
'_ §dmple Populatlon Case

o k

=Tl “, Arclnval Storage
e;mie ﬁnsuch as mstrumentatlon and computer
results.o experlmental and theoretical program
, small mimb@r of media and is- the most extensxve

"}:gmnhasbéepf@d todate. . T,
o 3 : | o

3 _The degr% of. confr%ncé .with whig¢h- these results ‘can be extrapolated to 1nclude
*‘ large, . varnablé sourc&, :¢°. put’er ta’peipopulatlom is' presently unknown. However, -
ec 'onsvandwmethods offered by thxs study are sufflclently

srnaﬂ sample pppulatlon Qsectxon is. presented ifr the followmg sequence.
3 yz 2 l Background Theony ,for Small Sample Populatlon,Recom mendatlons
PO+ ) prepara..rhaac: R T T
¢ ?,, o o uality of Tapes That are Chosen o S T ,
_f' T 9 dZ) PhysncallP'reparatlon Prior to Long-Term Storage S T
vy.za suﬂage Phase - e e 0 8 | .
o (1' slam: Recommendatlons ’ .. 0:‘3'. o
S (2) bynamic Recommendations - = - o
' 224 Reactwatlon Phase RecommendationS’ .
VR S .
- o ED
¢ 80 * .«’ ‘ o ! K

ften be tried in- order to read a Ll

ia.

ddce a‘new tape copy from a backup A
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2.2.1 Backgramd Theory for Small Sample Case ﬁecommaatlom ' o
Teoa : e . -
(a) All: of the recommendatlons in - this smau sample study [22] are- based on -
magnetic . tapes ‘which utilize the.prevailing polyurethane binder systems,
_ polyethylene terephthalate (ive,, mylar) base films, and gamma ferric oxide~ ° :
. (Y -Feq03) magnetic particles. <The.choice of the polyurethane binders is based I
on thetr tensile strength, ‘toughnws, abrasnon resnstance, and " adhesnon T
propertles. e _ R . :
The reactxon of magnetic pa_rtlcles sich. as gamma ferrlc oxide (Y-Fe203), Co
chromium dioxide (Cr0g); iron particles (Fe), and various cobalt-doped gamma . - . 0
" oferric oxide particle structures to different temperatures and humldltles was. e
studied. The fo]lowmg conclusnons were reached. : _ RN
. ® .
(1) A magnetic tape composed of Y-Fe203 'does not ‘exhibit long-term o,
, " demagnetization or: pr1nt-through when  used in digital  recording
i applications of up to 1300 bpmm (33,000 bpl) and stored in’ nomlnal 4
' envnronments : ; - _— - yo ;t ti S

.-(2) The archlvablhty of: mag'netlc tape employmg Y—Fe203 partlcles ls‘
reasondbly guaranteeq at 200C (689F) or-cooler temperatures, and 50% RH.
These conclusions are extremely important since Y-Feq03 is by far the
most widely used particle for computer magnetic tapes. It was found that

- chromium dioxide and Co- Y-Feg03 might not be as suitable for archival
- purpos&s due to their sensntnvnty to enwronmentalfcondltlons. * :

~ *(3) The study noted that; the effects of tlme, temp*ture, and humldlty on the -
Vo ; - . magnetically recorded- signal’ (on*’ the Y-Feq03) are negligible even though
' their effects on the blnders ‘and base films may be severe. It was
concluded that the tape recordmg format may be chosen for optimum

storage demlty lndependently of archlval env1ronmental comﬁderatlom.

(b) A hydrolysis study (whlch is a study of chemical reaction of water w1th the
. polymer material) was made with tapes employing polyurethane binders. The -
effects of hydrolytic action on tape binders was studied in-depth [28], R9],[30]
. and the rate of hydrolysxs was found to- depend upon the binder constituents." In -
hydrolytic action, thé combining of . the" atmospheric water vapor with the '
_ “coating esters produces carbolic acid and aleohol. This ester reaction causes -
o binder weakening and the ensuing -gumminess and breakdown of the tape
‘ coating. Experiments have shown that the hydrolysis process | is reversible. This .
indicated the possibmty of t binder rejuvenation; i.e., a binder which had
- been deteriorated" by - hydrygz could be restored to a normal condition by
- storage in a cool and dry: ronment. For example, the hydrolysis equations
.“showed that.a tape 'which¥is stored at 270C (809F) and 80% RH will suffer a =
. 16% binder consumption in lessthan one year in this' T-H environment. The = - s
. Same equatlons sh w that it ls a reversible process and that it will requlre_ s
!, approximately 1.5.4ears for the binder to return to its original state. This is " .. - }

-

consndered to be an impractical length of time'to wait for binder recovery. h

for which a binder t has an initial degradation of 6.7% will not be further .-
degraded under any conditlons along that curve. However, for values of

L .. . . E .v N v ) 4 4 \\._ » - . “ .‘,_ . ‘ .,‘,'.4'

-

" The zero hydrolysns egge ln figure 3. (courtesy [22]) represents those condltlons_ - E 'I
’[“'y

e e ¥ '81;'_;‘.',,&_" ~., 8 4 s ' ¥
’ ' ’ e . N . . . . H ’




' 'temperature and humldlty _below ) the. zero, hydroly51s curve in (Zone 1), the-
L hydrolysis'rate; is negative; i.e., presumably here the binder will ‘be rejuvenatm§ )
f . as ester borfdd are regenerating. . In Zones 2 and 3, the: hydrolysw process

.. continues to consume the'. blnder _materials, }eadlng to eventual blnder C B
- . breakdown. Zone 3 must be avoldedas indlcated in f1gure-3. ot . L

DN

.' .' ;

A key conclusm ok ', mendatlon defived from this- chart is: * for tapes:

stored at 180C 65‘1 -40% RH, the polyurethane binder consumptmn is
.. . = s«zero; and most lmportadffy this is also a falrly comfortable envu'onment for the .
. handllng personnel LR S LR

;‘ ,/

Addltlonal study wxll be requlred in’ order to determlne the nelationshlp of .
binder degradation due to-hydrolysis with an associated increaseé ‘in -data. error
rates. . The effects of the recording.methods, the detection scheme, and the -

_ . error correction techmques must also be conSIdered when analyzmg the error o
RN _rate processes. ' . Lo . R o

(e) As noted in sections 7 3 and, 7 4 due to thelr creep and stress relaxatlon S
- - charaéteristics, viscoelastic matenals which are “wound under tension require =
L ~ occasional’ rewmdmg in order to _minimize, deletenous effects such as tape - .
< - .cinching. . The required rewind frequency has been found 1o’ _be a multivariabled
\‘ . function .of the storage - time, the temperature, the magn‘i,tude and duration of .
variations in temperature and humidity, windlng tensionsv&‘nd ‘tape speeds, reel
‘size, interlayer friction coefficients, and. the reel accelég"'tlon during rewind.
It is noted that if a 50% pressure reduction. in the tape‘pack due to creep and .

. stress relaxation is an indicator/of the need to rewxnd the tape, then an
,approxlmate period of six months between rewinds is deduced as the proper
scheduling. It also notes, howgver, that tapes which are -storéd under well
controlled temperature/and humidity conditions could be stored.for much longer
periods without rewinding. In fact, a period between rewinds of 3.5 years is

; recommended provided that the tapes ‘have been mamtamed i ed
f S vstorage env1ronment as follows (see rectangle mflg. 3) I

®- .. Relatlve Humldlty: 35% to 4596 ST

. If the envxronment cannot be maintained in these ranges, then the convéntlonal :
* semiariniial orx annual rewind schedule is recommended. Also:, if large
N env1ronmental changes have occurresl, then ‘even fnore frequent remhds may be

adv1sab1e. o L A . _':

@ A sngmflcant portmn of [22] was devoted - to.‘f study of the phys1cal and
: .mechanical aspects, both theoretical and experifr ‘ehtal of the tape reel under
various' winding tensions and pressures, It was declded that if’ theré were a
* -method for- measurmg the amount of tape pack winding pressures which:-éxists
at any tlme in a stored reel, then an economical and efficient. rewind frequency )
. schedule could be developed. Several different approaches to the pressure - -
BN measurement were considered including: -the correlation of the speed of wavéf
‘ _propagation “through the reel &s a function of winding tightness, - the;:'; L
measurement of the reel hub deformation with an attached strain gauge, and"
. finAlly the insertion .of frietion tabs into the reel during. winding.- This last:
_technique was considered as the most promlslng approach and a conSIderablef
_ amount of testlng and. experlt‘nentatlon was performed w1th thue frlctlon tabs ,

PRESEE l
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The basm process cons1sts of measurlng the dlslodgmg pufl force requxred to-
.. . ~extract t{lesa friction  tabs from th el - winding . using sprlng scales, "
ST Approximately, one dozen - tabs - arg/ inserted into each .reel 'in a: spiral -
arrangement, “The tabs are typically .025 mm (001 in) thick;; 6.35 mm (0.25 in)
wide’ and 50.8 mm (2 0 in) long. Tests were performed at different: winding -
- torques,. deceleratlons, winding speeds, and ‘temperatures. “Interestingly, it was °
. found “that for constant speed : windings - at different. torques,s that a.20% <
, .- reduction in. winding teénsion may be.responsible for%SO% reduction in tab pull . -
- #  forces. It was theorized that this relationship was calised by lnterlayer, ‘trapped ~ *, |
T air which developed during w1nd1ng ‘It -was also found'that thére was a specific. . =~ =
o tab pull forceValue below which the tape reel would display interlayer slippage
cmchlng) upon :deceleration. - The appearance ‘of this pull force value can® . -
be used as an indicator of the need for tape. rew1nd1ng (retensmmng) due to the .
redUctlon in the layer-to-layer pressure. : o :

o . ) L P . L ) . _ - . K L ) .
~ . . '.‘_ . ' . P . oo . . . T ) SO
P - LRI . . . L .. A ] ) . A . L
> o ' . . '."- . . ' . " @ S
- - - - . B

oo ¥ £ The» use aofp the frlctlon tabs was ; followed w1th an’ analy31s program wfuch_

compared theoretlcal and experlmental results. A method for estimating the o

_periods between tape rewinds was given high priority. It'was determined that-if

the tape is wound at a ‘highem temperature than the storage temperature, or
.~ wound at a lower humldlty than the’ storage humidity tlien the allowable period TS

- between rewinds is inereased. This: is ‘due to the reductlon ln both the reel -
.tensnom and the tape creep.. g

W - . -
‘.2 i i

2,22 Preparation Phase' T L e 3

(1) Quahtyof Tapes that are Chosen ,; : | Do e

(a) State-of-the-art (1,.e., late produbtlon types) of. computer tapes appear to-
- be potentlally sﬁccessful candidates for archjval storage purposes. R

_ (Y1 Optunally, the tapes should be new and should have been malntalned in a < -
oo .+ cool and dry environment prior, to purchase. : DR

. _(c)‘ If possrble, it should be ascertained that the archlval candldate tapes have
a0 : not ‘been subjected to any environment which could have calsed
o polyurethane binder deterioratlon due to b1nder hydrolysis. -

Vi -
A

EA

(d) The magnetlc partlcle materlal used i in the computeq tape should be gamma
" -ferric oxide (Y-Fe§03), ‘at present, since its abllity to maintain its* @ -
magnetization for. long periods.of time has been*established. - No other
_presently available particles havé yet proven to be of ‘equal” long-term
stablw at this time for‘ SImilar temperature~hum 1d1ty ranges.
v . "e C
- (e) Use backcoated tapes. Backcoated tapes provnde 1ncreased 1nterlayer1 .
~+frietion, which ‘reduces the probabihty of layer-to-layer slippage .due to
. . tape relaxation during storage. An additional béri¥fit for backcoated tapes -
=4~ .. has been noted during SRM calibration procedures by the ICST Computer.
' . Storage Media Group: the signal amplitude levels reproduced from these
. ‘tapes are generally more uniform, with much smaller end-to-end signal . -
«  levelrise ef fects. than are usually observed w1th non-backcoated tapes.

avcy
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(f) It is not . feasrble l‘or tape acceptability cr1ter1a to lnclude the- 1nd1v1dual- o

R S ~tape binder constituents since they are -almost always considered to be ./ .,
- 7.7 Tcompany proprletary Itis suggested that the most reasonable. constituent

~ = type qualification tests are achieved: lndlrectly through the’ measurement |

. ~of the hydrolysis tendencies[28],(29],[30] of the binder systems and:the - '
- .. -« .stability:of the magnetic partlclw. (Note. It 'is reasonable to assuméthat
© ' ¢*  these media will-also be subjected to the vverall requ1re)hents of the:GSA
v computer tape speclflcatlon W~T-00510 wtﬁch is- descmbed in sec. p 1. 1 )

(g) Candldate archwal tapes should be unsealed and allowed to relax for three .“‘; o
-~ days irt the storage: environment of 170C (629F) .to '200C- (sapF), 35%.to © .7
'45% RH- for . sever: days aftep recelpt.' ‘This ¢onditioning is parhpularly' o
, necessary if the m rmediate transit environments ‘are. not known. It also - A"~
v . allows the \tape ‘o, come into hygroscopie equlhbrlum, .in- the storage =~ =
o . - environment. , Aft ter relaxahon, the tapes should be given two complete, .~
Ty - slow speed passes*»a'nd «then’ evaluated for dropout errors.: . It is suggested -
S that the large population errdt criteria in seetion 2.1.1-(3) be considered.
If there is. a large erroﬁ ;ate, a eleamng pass is. suggested followed by tape ST
evaluatlon. R . o T owTh T T o

4'1

LY

(h) The followmg test 1s r%oommended s a means for testmg tape blnder,
’ mtegrlty. The tape is. stored for 72 hours in an environment of 490C + 30C" -
(1200F + 50F), 80% to 90%. RH, andthen stabilized. for 16 hours-at 24°C
 (750F), 50% RH. .The test results-as applied to a computer tape are as _
1 followz:». there . should be less thag & doubling of the original dropout rate *
and very llttle coating shedding in’an acceptable tape which is scheduled
: ) . for archival use af‘tep being subjected to™the preceding er\v1ronmental
NP conditions. It is noted that an archlval tape scandldate, as a mlmmum, ,,-' _
I 'shouldpassthls72hour'test, ,- PERY S R LR

(2) Physmal Pré #atlon Prlorf{o Long-'Perm Storage S v “
A . o

e

. N * ‘ 1-
(a)'. 'Store ‘the archlval tapes in. a dust-free env1ronment |]n ordeﬁ to‘ reduce. -
' dropout accumulatnog.. co R .v _ . S

- (b) Tape’ reels should have alummum ﬂanges for long'term SUPPOPt- I_ i é L

(c) Elace in well—sealed polyethylene pags in orderr to prevent long-term 5
_binder lubncant egaporatlon, and perhaps reduce blnder degradﬁtnor(_’ -
'_tendencleSo .:rV" * ] AR IR 0
R o

) v'ﬂ-, y

(d) \‘Tapes should be boxe 'rld stored m a vertxcal standmg ppsmon. 28

(e) ‘Tape reels that are"' mcamsters should be seoured mth wrap-arotmds at. PR
v all times, both in-ands out of storage in geder to. prote‘ct agamst ,tape edge .
'~ damage due toﬂange pompresslon or d;s:tortlon. a -,;, ‘9 DR ' BN
L (f) Always store \tapes, wrth tbelr wmdlngs« prnented -inl the standard '
- ready-to-read op.write:position ‘after-a slow speed rewmcg -This applies- .-
both befare and’after: re@ordmg the archiyal ‘computer- tapes; - Constant; " ‘
' tensxon wmdlng appears tq*be satlsfactory:for computer ta es. . C e




(g) A sllg'htl.x ‘&her ‘nding area temperature compared to the. storage ares
*-temperatiire, or .4 slightly lower’ winding'area humidity ‘compared “to the-
. storage: area humgrdxty will- prolong the sallowable period between tape. . R
e _-rewinds.. It is suggested ‘however that -only- relatlvely small - area ~: .. -
o e ’dlffére.nces, i.e., .80C (59F) and 109 RH should be allowed in order that . © = ' _.
e . qape. relaxatlon times will- be mlmmlzed when passmg from the storage “..., = .

. area to the computer,area. - _4./‘ ;"Q B .o ’
. 223 §t°'3891’hase LT e e
i (1) Static Recommendatlom S S LA ' : )
(a) The tapes should be stored in archlves w1th1n the Ts-H range of e _— 8. e
' " Temperature: ﬁoc (620F) to 200C (68°F) o R
_Relative Humldxty. 35% to-45% N R
) and optlm yat" T : .

A Temperature—18 3°C(65°F) T S

I Relatrlre Humldlty 4096 ' L ST

. uNote.v The optlmal temperature and hum1d1ty are consndered to be a key E
- finding of this research program f22] : 3 .

e o

(2) Dynamlc Recommendatlons L -_'7_ , |
- (a) lmbed frlctlon ‘tabs on a Semlmonthly baSlS 1nto a chosen group of
/ ' ~unrecorded test tapes. of the same type and size as- the actual recorded " I
' .. archjval tapes. These -fapes must be wound with the same tensions and . /.. o
- <+ . -tenslori-patterns as thé ‘recorded stored tapes. Store. these tapes in S
' ¢ O -

archives and perform a tab pull test also-on a semlmonthly basis.in order to - -
determine when the critical ldyer-1 o-layer ressure has been reached and . -
- rewinding is necessary... (Note: ,Although 2] does not give quant1tat1ve

.-_-"."h_. L . ; . ' -,

* information relative to critical tab pull for mfor computer tapes, it does
" offar bdckground information which caR ed to set up individual test _
_ y programs by 1nterested orgamzatlons ) oL , { : :
" » ®) _»Rewmd each tape in archlves after ;t has been stored for 3 ' y S, . R
T Vprov1dxng that: - 4' __ R ' e 5
: R | 1.. The storage area temperature and humldxty has’ remamed at its L
N ;ptlm&l value glven in secf'on 2 2. 3-(1) for the entlre perlod and, -° - '
N Co . _:"' o - . j"l ‘_‘ . . T
‘o Lo : .

o " 22 "The’ frlcnon tabs. il forces have not’ yet reached theu' cr1t1ca1 values.
y_\‘_

IR , "Rewmd ~eadh tdpe" lmmediately after the eritical value has been,.
. f;;;_ l ,'-} : reached regardless of its. t1me m storage

.-“J.' -
> 2.2 4. Rieacﬁvatlon Phase Recommendaﬁons , _' E ;, L . '_, R B
(ﬁ dlv tapes twp*full fo ard and revr‘érse passes at nommal (slow) speeds before | ;
o " . f.'.". o “ ‘ : :’ . :
L RN L




(2) 1t lsfadvantageous to perform thls read process in a controlleé environment as.

- .. close to the:archival-environment as- -poggible; otherwise: permit  the unsealed-

. tapes to relax in.the- new envxronment for at‘ least: t‘hree days before attemptlng
the read prrocess. _ _ . . '

.C . n.,
: . . PR R : .
,‘e ey - « ~

N ¢:)) "If envrronmental damage to t eltape is suspected (x.e., such as, ah mcrease in-
- binder hydrolys1s), store the tapes unsealed for three -days in- the archlval
storagg, area at thé recommended. temperatures dnd humidltles (see sec. 2. 2 3)

‘(4$.:’1'When the_readlng is completed reseal the tapes and return to storage, lf
R .'reQulred ’ . : ~ o ' '

Authon's Note. , It is suggested tl?at the recommendaﬁﬁis gwen fgr the large '

o '.-populatlon cases in sectiqn-2.¥; i.e.; for the material preparatwmhase, the static’ .

and dynaniic sterage phases, and. the reactxvatlon phase, be. Selectlvely applied in -
conjunction with these -small sample - sec. 2. 2), recommendatlons. . This  refers to
those large populatlon recom mendatlonsf vhich are, not 1n confhct \w1th any of thwe
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‘Then reread the tapes and clean 1f the error rates ane hlgh e S
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3 Scheduled Mamtenance 6f Computer Magnetlc Tapes S ) oo

. The schedulezl maintenance of" computer magnetic tape llbrarles and vaults consists

of principal aetivities. such as tape cleaning, tape evaluation (or certification),-and

"tape rehabahtatlon (see secs. 1 13 and 1.14). It also includes associated activities

such as tape exercising and cuttlng (strlpplng) The cleaning process removes loose

- error produeing defris from the tape before it becomes permanently fused into the

tape surface;the evaluation and’ certlflcatlon process detects, counts, and locates
the errers on the’ tape surface; the rehabilitation process incorporates several of the
precedmg actmtlés for the purpose of restoring computer tapes to a useful status.

3.1 Computer Tape Errors ‘
[

caused by the self-contamination of the media. That is, the media itsglf produces a

large amount of the debris wear products . which becom?® redeposited and’

permanently fused into the tape coating (seesec. 1.3(12)); these eventually cause

* dropout errors ‘and data losses. The errors result from the sulSsequent read/write

head-to-tape separation caused by the -surface irregularities which ‘have been

" . -
7 ' | R o
. - ' N

) .Many senous error problems which are encountered durmg computer té {es use are.
ro

produced by the lumps of embedded tapd debris. It has been found that once these -

wear products have started to collect on the surface of the tape, the rate of
production of additional wear products increases rapidly and the performance of the

tape also deteriorates rapidly. In fact, the deterioration of the tape Performance is |

usually more a function of the redeposition of these wear products than the
condition of the tape surface as related to tape usage or codting thickness. Note
that each system retry which is necessitated by a tape wrxte—ékxp error is in itself a
debris produclng activity; therefore, the more write-skip érrors there are, the faster

is their rate of increase when retry methods over an area are applied. The principal -

purpose of the tape cleaning process is to remove the loose debris particles from the,
surface of the tape before they become fused into the surface and reach excessive

" ‘or gritical quantties. However, it should be noted that although the useful life of a

computer tapeis extended by a regular tape cleaning program, there still remains a
slower but steady growth'in permanent errors during the cleaning program. That is,
the fused debris error count continues to increase towards an irreducible value for
whlcl(1 1)§ is no6 longer cost effectlve to clean or to continue to use this tape (see sec.
3.1.1(c : :

Permanent errors ori mag'netrc computer tapes may be defined either as a physwal
or a software tze as follows. ,

Type (a) - Physical: errors which are caused by surface defect#uch as ]fused
irremovablé\ particles in the tape surface. Ta containing these permanently
fused particles are usuglly acceptable for tinued use providedl:shat the
particles don't exceed a sbecified quantity whichis established by the individual
s organization. However, these particles can cause tape rejection, 1‘,.they are
~ located as described in (b) be lo . The following two permanent’ efror types
usually result in a tape reJect ring oqperatmn or fehablhtatlon-

-

Type (b) - Software: permanent erlgors which con51st of a speclflc number of

s g

“consecutive write skip errors or retries. For example, several maJor software .

(operating) systems define such a permanent write error as one in which 15
consecutlve write sklp errors occur approxlmately 0.1 m (4 in) apart over a

' R
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1:5m (5 ft) length of computer tape. Note however that in these systems it is” -r'l- .
.. possible to have a ‘non-rejected tape* with 15 write skip errors (gaused by type
. (a) defects) provrded ‘that they are not located consecutwely as. defined in this - /-
paragraph. . . . ‘ _ e .
~ Pype (c) - Physmal. : g'ross errors which are the result of permanent physrca.l
tape damage such as creases, folded edges, or missing coatlng material which .
extend over a length of the tape. Typically, these regions detectedas gross’
\ “errors when they are apprommately 6.3 mm (0 25 1n) long (see table 4 )u '

* Temporary errors are ysually defined as errors which’ . e~caused by loose particles * _
hose position can be shifted by the normal sweeping aé ion of the tape ggainst the '«
/h'ead or the guides. However, if these particles are notfemoved thro:7 cleaning, -

. they multiply rapidly and eventually become permanently used into the surface. If = ..
’ properly placed,- these temporary errors cap eventually lea}j to the reject def 1ned in
type (b) above. - - .I,.,_ - _

L The basm formula wluch determines the head-to-tape separatlon Signal loss ‘cah ’
. by the debris partlcles or other surface protrusions (see sec. 8.1-eq(4)) indicatgs that

.~ for the same size debris, the signal loss (in dB) will.be much greater for 246 bpmm - .
’(6250 bpi) récording than for 32 bpmm (800 bpi). Therefore, tapes which are used - ‘
. for higher densities aré more susceptlble to signal loss (drop\-outs) and must be- kept
- free of debris. T _ .

W s
- . .
' . . . . . \

311 Scheduled Maintenance Cost Factors ' R S
J

“(a) ' The Scheduled Computer Tape Maintenance Recommendatlons 1n section 1.14
outline a number of optional factors which can be used for decidifg when
specific maintenance activities should be 1mt1ated. These mclude'

. \'
. The number of times the tapes have been mounted to date. -
. The number of','times the tapes have been cleaned or evaluated_.‘to date.
. The operating condition of the tape;, i.e., the number .of -tape;’wgyrr'ors. '
~ . The expiration date of the,tape data. £ L -
,Q ‘ ._/- ,‘_\ X : . g .‘ } ,‘ st
. Thelength of time the tape has been in storage. A L
/’\Qegular mainténance of new tapes before use. e :
The decision parameters which underlie ' a partlcular scheduled t‘ape"'
Taintenance program‘ are also based upon both an. operational and a
cost/benefit ana1y31s of the organizations needs. 'For example, the number of
allowable errors’ béfofe tape maintenance is performed must be weighted
differently by .an organization in Whlch data errors affect specific output
quantities, say, the amoyng, of a Social: Security check; while data errors which _
' enter into a stati data base such as a ‘Census-program are 1nchv1dually of" _—
much less significance® in"their ?;pact on the final results. - :
: ( A ;e | .
' ~ ° \\ . ) ' * ‘
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The f requency of requlred tape malntenance 1s also- lnfluenced by both the age
and h1§tory of the tapes, and ocCasmnally by the manufacturmg source -of the
media. If the data relative to the 'tape errors result in statistical distributions .
which indicate problems with particular types or brands of tape, or modes of
- operatlon, then scheduhng ad]ustments and other actions can be instituted.
J ™
. Extensive record keeping of ‘the chosen factors may be required 1n order tQ
produce the scheduled flow of tapes into the maintenadce process. This record
keeping can be performed by Tape Management Systems (see secs. 4.1 ta 4.3),
by error-logging software systédmS. which are capable of testing tape surfaces
‘on-line (for example, see sec. 4. 4), or by manual cheek-off, systems (m small
_.__user organizations - see sec. 1.2=(19))..- U S

(b) The cost/beriefit analysis includes factors such.as: - LT .

. Maintenance ‘equipment costs. RO S S -

. . Maintenance personnel c'osts.
h[

. f~Contractor costs 1f perf ormed by an outside organizZation. -
. Tt3e s1ze of both the active hbrary and the thpe archives. |

. The number of inaetive tapes whlch could be rehabilitated back into actlve
use, i.e., potent1a1 savmgs on the costs of new tapes.

. The total ‘maintenance costs per tape compared to new tape replacement
costs; i.e., at which point is it cost effective to purdhase a new computer.
tape rather than to continue with the cleaning, evaluation, and rehabilitation
processes. This maintenance versus replacement breakpoint depencb upon, -
factors such as the average number of write errors per active tape and their

! * “annual cost in CPU time for the partlcular operating system. '

(c) Whereas permaneht errors type (b) and (e) in section 3.1 normally lead to a job
abort and the re]ectlon of a computer tape, type (a) write skip errors constitute
a key cost item Afor non-rejected tapes which remaip in a continuing operating
mode. These operational costs are a function of the costs of the ymte-sklp
retry procesf which are Sof tware dependent. ,

Since the number of type (a) write skip errors, ipereases rapldly w1th tépe use,
.eventually the number of these érrors will reach a value at which it is no longer
- ~economically feasible to use a tape in this condition. An estimate of both the -
- yearly losses -due .to write skip errors and when a tape should be replaced, due to

. write-skip errot accumulatlon, can be obtmned for a partlcular lnstallatlon as

follows: . ) . .
(1) Compute the average number of write. skip errors per day based upon the
computer printouts from the error-logging system.

~ (2) Compute the\cost of a smgle type (a) write skip error.. In making this
) computation, base the single write skip error cost on.the time which- is.lost
whlle automatlc, wr1te~retr1es are perﬁormed in the write error area. This

] ) L b s A Y
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. s dependent upon both the operatmnal»costs per unit time of the CPU as '-:\

.72 well as the system software; i.e., the numbBer of retries ‘made before '
I ‘skipping, ahead or the number of retries before the final decisions. made, is

- --software dependent : - o . .

[
.

(3) Multlply (1 by (2) ‘This g\ives the average coststfo'r write skip errong each
day. S . , ' '

-
»

ety (4) Multxply (3) by the number of operatlng days.per annum, . ThlS gives the
’ L avergge total” money loss yearly due to write skip errors alohe. ‘This may
. . " -be a very revealing amount which_can be useful for making decisions
S RS S relatwe to the initiation-of -a- “scheduled J;ape malntenanceprograrrr~—- T

\
* : v ] - ) \
g (5) Determlne what percentage ‘of the tapes in the total active: library- are _
e 3 mounted each day. From this, calculate the average number of ‘times a

T tape will probably be mounted per annum by multiplying the above
- percentage by the rumber of operatmg days ‘Equal probability.-for each
tape is assumed.

1 4
- »f

(6) Nfultlply (5) by (2). This‘gives the average write skip error cost. per annum

- ~ for each active tape assuming only a single write skip error on_ each , .
.. _ individual tape each time it is mounted. Replace a tape when the
v - calculated number of its accumulated write errors times the average

: . yearly smgle error cost is equal to the cost of a new tape. This is ' .
: reasonable, since with further usage, the _operati g costs for the tape will _

- now begin to exceed ttie new tape costs. _ A
;

3.2 Types of Computer Magnetlc Tape Malntenance Equlpment fe ©
The characterlstlcs of some of the available tape maintenance equlpment such as
cleaners, certifiers, . and evaluators will now be discussed. The follow:ng
descriptions agre not mtended to be all inclusive since there are many models of each = -
instrument, and many other technical features available, , Information relative to
specific models can be obtalned from- the equipment manufacturers (see

fL0] and [11)). e

3.2.1 Tape Cleaners s
A tape cleaner typlcally hes a reel-to-reel configiration which is similar- to a tape
‘transport. Its basie functions are to clean and then properly wind and tension the ,

. computer . magnetlc tape. Recorded tapes are normally not erased durlng the
cleaning process. .k ‘ L ' o
Typical cleaners for, 12 7 mm- (0 5 in) magnetlc computer tapes will accommodate
tape reels which are up to 267 mm (10.5 in) in diametgr. These machines transport
the' tape over both tissue wiping stations as well as sharp cleaning blades. ‘Some
units pass both sides of the tape over the tissues on the forward and reverse passes;
this removes the,debris from the back (mylar) side of the tape before the particles
are transferred to the coating side. . Qther units remove the debris with vacuum
devices which are incorporated into their cleaning blades. These blades are'made of

- various’ configurations and materials which jntlude: gemstones, such as sapphire;

. . self=- sharpemng, stamless -steel, perforated metal grids; rotatlng, self-sharpemng,

¢
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slotted, stainlesssteel cylinders; rotating flexible stainless' steel banl‘xds which .
continuously contact their s\}}arp edge against the tape surface; and simpl'? stainless = -
steel blade types. ( : : . . C o v .

~-

f‘.'g

Each type of blade mechanism has advantages and disadvantages. For example, the

simple stainless steel blade displays suplerior cleaning performance but has an

extremely short life, while a slotted ste% cllinder has a very long'life but does not -
“ clean as effectively.as a blade,” In addition, the simple blade when worn is more

likely, to cause tape damage than a slotted 'eylindér blade. One unit has an

automatic blade life indicator which*prevents tape edge damage that can be caused

by irregularly worn blades. . =’ B UL .

. P Tk < b
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Most cleaners maintain uniform tape winding tensions in both the forward and
reverse directions in order to produce a good tape pack. In addition, some tape
cleaners apply a greater than normal tape tension during the clpaning pass, and a.
normal tape tension during the rewind cycle; this produces a more effective cleaning
ceycles The tape winding speeds vary among différent cleaning untts. Some units are’
relatively slow with speeds of 2.3 m/s€90 in/s).to 2.5 m/s (100 in/s) while others are °.
capable of speeds up to:-9.1 m/s (360 in/s) for faster production in large tape lots.
Some tape cleaners which are capable of erasing data have an automatic, file protect
feature which 'revepts the accidental ‘erasure of -recorded tape-infqrmatioh. Most
. cleaning units are ‘cdpable of BOT and EOT sensing 2s well as automatic forward arid
reverse features.. ' , . . .
3.2.2 Tape Certifiers ' o, b e .
A tape certifier typically has a reel-to-reel configuration which is similar fo.a tape
transport. Tape certification is performed in order-to detect, count, and locate tape
errors, and then; if possible, repair the underlying defects so that the tape can bp
replaced back into an active status. In addition to performing these speeiali .
 operations, -eertifiers have the same basic tape cleaning capabilities as a typigal
tape oleaner. Cleaning is normally performed prior to testing in order to reducg-or
‘eliminate  temporary error counts. Sometimes the cleaning is performed on the
‘forward ‘tape pass, and the ecertification measurement’is then "performed on the
reverse pass. Typically, certifiers” have ‘7 or 9 track tead/write heads .and will -
operate at various selectable recording densiti¢s (see "Certifiers, Maghetic Tape - °
[10]). Note that the error rate counts will usually increase as 'a function of
" increasing recording density {see sec. 8.1-éq(4). - . . : <ot o

~

v
: . \
During certification, previously recorded information is era(sed from the tape and
- .new<bulse trains are written on each track; a.read-while-write process is then ;.
.pesformed on each track of the:tape under test. .Although certificatidn is normally
a data destructive process, it is possible to perform non-destructiye’ testing’ with -
some error-logging systems (for example, see sec. 4.4).. Also,-if .a Clean Orily mode
- of operation-is desired, then the write dnhibit ring must be removed from the tape
reel; it must be inserted for the TEST mode. '~The"certiffer.is usually calibra't-'ed.,.with ’
a test tape so that the amplitude of ‘the test signal is related to a specific preset
_reference -level. " This level is usually traceable to one, of the Nationak Bureau of
Standards magnetic media Standard Reference Materials such as SRM 3200 or SRM
~ 6250. In some cases, the reference level is related to an internal, organizationals -
tape signal level. ° * . ’ - : , \

. i L} \|
. , : '
» _ : . o .
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o evaluator is'well fitted to a- test-'area sucdh as-a’ tape rehabﬂltatlon center (see

. 7 *(800 bpi), 63 bpmm (1600 bpj), of 246 bpmm (6250 bpi). . . AR

.
Upon readback ,1f the test’ signal amplltude falls a specific percentage below the ° /
.. preset reference level, the certifier will'retry the resd/write processes\over the w
'same location.” Some certifiers allow for an adjustable number of retries, say, 0_to i
12 times, before stopplng fon an exammatxon .t the defective area &f the error '
" persists for the chosen number of retties. The track(s) on which the error oésurs is
. - alsp detected and recorded. When the certifier stops at the defect} the operator of -
‘the unit can locate and examigexthe defect;region microscopjcally. If possible, %he, - -
i E;erator will attefmnpt. to remqye the defect’either with a -chemical ,Such.as Foeon TF
.or, by physically scraping: the ‘defect with .a sealpel and’ then remov1ng the gesidue
with Freon TF. This ¢hemical is an ‘excellent tape cleaner since it does- not softm '
. the tape oxide or. -the backing, or damage rubber cﬁpgtan idlers [21]." Certifiers
. also test for defects Known tape noise errors, skew errors, and level errors whlch
are: eaused by excesswely low ‘or high~ output signals, . ', " . TR K
Typlcally, 1f movable errors are, encountered and repalred, the tapes can be
restored "to ful service. If only a few type (a) permanent errors (see sec. 3.1) are
- encountered, itfis possible. to return the tape to lower level. ssratch service, while if
‘theré are many‘ type (a) permanent errors, the tape should be discarded. .

L
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3.2.3 Tape Evaluators/’l‘esters

* These lnstruments will perform mo_st of the same cleanlng/t‘astlng functions as tape
: certlfiers with the exception that they normally do not stop'the tape when an error '
is encouritered unless an automatic stop feature is added as an extra mstrumenz
" Yunction. -Whereas a certifier_is well fitted to activities in the produet test area o ,
"a; megia productlon plant where tape - defect removal may be attempted, an P
sec. 3.3) in ‘which tapes’are tested op'a’ go-no—go basxs with no attempt at errot
removal . . ) _ A . . .
'The follow:ng is an example of the functlons in one “tape eva.luator system "This
evaldator performs :its cle&mng and ‘testing furictionsyboth in ‘the forward winding - .
direction. The ‘number of permitted errors depends upon BrganjgRtional decisions; -
“for example, say only five consecutive write skip errors.are permitted before the
tape is rejected. This evaluator ‘contains an internal mlcroprocessor which oversees
the tape evaluatxon, %nd .the reportxng anpd-printing of the’ results, It records and '
counts: the total humber of dropout errors; Qnd provides a digital printout which
giveg the'location of these errors (in feet) from 1 the Beginning of Tape (BOT) marker. |
. It will also measure the length of tape uhder fest from the:BOT fo the EOT (End of
Tape) markers. This system winds the tape with a ‘caonstant tension and can record
->and perform measurements on either 7 or 9 track read/wrlte’ heads, at 32 bpmm

LN .
The functional ;sof tware characterlstlcs of evaluators typlcally provide, performance '
‘which‘is deSIgned to’'be compatible with the software for the computer tape drives - ( S
*in use. For example, some widely used operdting systems (such as OS and DOS) have
1/0’software which does not call for- tape backspaclng in-‘order to retry a tape write
error. Instead, the tape is moved forward 102 mm (4.0 in) after a write error is
detected; then the data is rewritten and reread again. Now if 15 consecutive write
€errors (sklps) oceur, the system will consider a permanent error to .have occurred
and the job is aberted and the tape is rejected. It is therefore realistic
advantégeous to employ evaluators Whlch perform thelr error search functlons‘

."
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‘ ions as the orgamzatnon‘s operatmg systems. There are various
evaluators availa e wtuch do thelr errdr. search in dxfferent ways 1nclud1ng the .

' can be tested ‘for by a siitgle evaluator is 1ncorporated in table 4 ,
® NS . b o . .\

b4

',"3t2.4 Mlsce'llaneom De\ncés e . , }

- ey :

In addition to) the cleaners, certifrers, and evaluators, there are several  other
instruments fog use with computer magnetie tapes. “One is the. bilk ‘ac tape’ “eraser’
or d eggusser; the ot er is the.programmed tension winder. The bulk ac eraser will
,remove al).prewous magnetic recording from the computer tape and leave the media
in a{ully demagnetqnz;i;:aate/wﬂ%no magnetic bias r;ema'lmng in either polarity.
This_ preeess is-a f nhysteric demagnetization! . The programined tendion

nder produces a tension pattern throughout the tape pack that eliminates the zero .
slon tape layers which lose thelr layer-tq-layer: friction and cause tape cinching

-damage upon reel acceleration or decelerhtion by the transport. Programmed
tension winding is partnc atly useful prlor to long-term or archxval storage (see
sec. 7.4). . ,{ : .

-~y -

'3.3 Tape Rehablhtatlon S . .

‘As prevnously mentnoned the obJectlve of, tape rehabllltatnon is to restore used-
" computer magnetnc tapes to .a fully useful status. There are a number of
orgamzatlons ‘which- perform the complete tape rehabilitation process for smaller’
companies that cannot Justnfy the costs of the requnred equipment, or for larger.
orgamzatlons for whom .rehabilitation becomes a major qndertaknng Typically; the
" company which submits the tape§ for rehabilitation will first recopy the data, which

it wishes to retain, onto.new tapes-prior to shipment for full, rehabilitation. Some .,

*equipment vendors have rental or.leasing plans for their tape cleaners, certifiers,
and evaluatorss There are also commercial .contractors who will set up and operate
a rehabilitation facility direetly at the user site for or‘ﬁ?ﬁz\ations with large tape
* libraries. ; This permits the tapes  to remain in their. ndrmal temperatureﬂ-humuhty
environment and ellmmates potential shlppnng ‘damages (see’ see. 1.5). It is
suggest-ed that these contracting-organizations éan be of wssistance in mak1ng initial
decisions reldtive to,the cost/benefits and techmcwﬂ problems 1nvolved in settlng up
a tape rehabnlltatlon program. . . ‘ i

-
»

An example of a rehabnlltatron process which is performed by a’contractor on-site
for a large Federal agency tape user (Social Securnty Admlmstratnon) has some of

the followmg features: 3 .

' 2
. F1ve thousand tapes are rehabllltated every 24 hours

. Every 24 hours When data tapes are. released for rehablhtatlon they are either

A}

"cleaned only" ar "cleaned and. evaluated "ot

\

. All new tapes ar’e cleaned and ev uated before f u'st use. ,

. Upon completion of the regablll ation processes the contractor must perform
quality assurance testing and the agency will perform acceptance testing of
:completed lots. ' .

-

. - . ) ,
) . : L. ¥ co .

’
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~ The followmg dre some of the mandatory contract obllgatlons, def1n1tlons, and
activities whieh are observed and performed by'the contnactor. '

'S
.

33.1 Classof Work : . -

“ - -

(a) Clean only: Durlng ac lean only pass, the‘tape must be cleaned and then wound .
. _at the proper tension jnto a clean reel. Proper tension is a tension which is-

. ' compatible with those of the Federal agency's tape “transports. Th¢ original
- external labels must remain on the clean reel or be recopied fqr placement onto

d new reel if the original reel is not used for the cleaned tape. Note that a
. "clean only" pass is always performed when the data is to be saved.

™

() Clean and evaluate' The tape must be glven two complete passes, one through '

a cleaning cycle and one through an evaluatlon cycle.. The 'tape is then wound
onto a clean reel.

i32 ProductRequu'ements | ey
‘ ;

he following contract requlrem 1ents describe the final product of the faclllty, i.e., a
rehabllltated tape. . 2 .

o (a) Container:" The container, be it _canister, self-threading cartridge, or some.

\, other device which-protects the reel of tape, must be clean and free of

dents, cracks, or‘defects which mlght inhibit continued use of the container
for its 1ntended pujp% ‘ s

\ . .
' .

®) Reel, . .

r

, (1) The reel must be free of hicks, cra‘cks warplng“, or other defects which,.

- . might inhibit cdhtlnued use of the reel for its intended purposg.

“ (2) The reel must be clean It must contain no other labels except the
. following: . : : ,
@ " B ) ’ ' .. R 4
' a. The manufacturer's label - N

by The agency's volume serial number _
c. \ The conhtractor's process number label — ’
Green, yellow, and red dots (for track and density 1dent1f1catlon)

-

. o (3) The reel must have a. properly 1nstalled write enable rlng. :

(c) Tape R ‘ . )

(1) The tape must be in.a range of the following track formats and

. densities: 9-track, 63. bpmm (1600 bpi) and 246 bpmm (6250 bpi). The

. color of the dot, o or lack of any dot, indicates track and density

Coa characteristics. X

" (2) The tape must be clean .of all unbonded and substantially all”
. self-bonded and environmental dirt, oxide, backing fibers, and other
foreign material on the tape surface, front back, and edges.

. . )} . 95 L} o
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.(5)

(6)

(8)

(9

i

The tape must be free of all ppysmal defects, 1nclud1ng but not 11m1ted' )

to abrasion, tears, grooves, sphcmg, stretchmg, creases, and edge

' damage. A ‘ . .

" ()

S T

Tapes which are: rejected at 246 bpmm (6250 bp1) may not be’ retested
‘63 bpmm (16005bpi), unless directed to do so by the contracting
" officer's representatlve. The contractor shall provide a permanent

recard of both the number and approximate location of errors for each
tape' . \\‘ ) .

Both temporary and permanent errors will be counted Tabl{/l shows
the maximum dropouts and/or errors allowed per re€l in thé
rehabilitation faclllty and in Quality Assurance. Note that the

contractor‘s ‘maximum error counts are less:in order to prov1de a,

safety margln to help prevent tape lot reJectlons.

The tape must have correctly * pos1tloned and acceptable BOT

* (Beginning Of Tape) and EOT (End.Of Tape) markers.
(7)

The tape must be tested from the'BOT reflective marker to a
minimum of 0.61 m (2 ft) past the EOT reflective marker. ~ =

A capablllty that will allow a tape to be cleaned and evaluated while
maintaining the integrity of the lnternal labeling conventions is a
mandatory feature.

Minimum acceptable tape length (BOT to EOT) is671 m (2200 ft)

(10) The tape must be wound:at a winding tension compatible with the

agency's ‘tape drives (1.7 N (6 ozf) to 2.8 N (10 ozf)). The tape pack
shall form a smooth, integral mass that is not loose either axially or

circumferentially, and the finished tape pack shall be centered on the |

reel hub. Tape must be wound, oxide surface towerd reel hub, in a
clockwise direction, when the reel is viewed from the front, the loose

. endof the tape hangs from the right side of the reel. o\

(11) The standard testing environment must be a normal computer room

envx ronment.

3.3.3 Record Keeping

"y

(a) Each reel must be marked and a peelable label must be used on_each reel in
order to identify the following: «

(1)
(2)
(3)
“(4)
(s)

Date evaluated - ) Y -
Operator who performed the evaluatlon '
Evaluator used (Machine)

Tape length in feet * ' “o.

Number of errors c

]
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. .. 77 246bpmm (§260

CONTRACTOR‘I o ' O 'Aéc;EPT@,NCE TESTING

. 4\’ - - hd . z N \
¥ No more thap 50 single-track errors26. °  No. .r'n'ore.{han 55 slngie track errors o

No more than 10 two-track errors . No more than 12 two-track errors
' ‘No more than 3 three-track érrors - No more than 4 three-track errors
No gréss errors27 ' No gross errors . -
No permanent write errors28 _ No permanent write errors o
. No more than 7 marginal edge errors No more than 8 marginal edge errors .
No more than 4 marginal edge errors No more than 4 marginal edge erpors
_in any,0.90 m (3 ft) section - ih any 0.90 m (3 ft) seetion
Noymore than 25 errors combined which No more than 30 errors combined whlch
’ are comprised of single-track, +, * are comprised of single-track, e
+ - two-track, three-track, and edge errors two-track, three-track) and edge errors ,' -
_L/
S - 63 bpmm (1600 lpn '
i ¢ :' ! : . -
CONTRACTOR . -~ : . ACCEPTANCE TESTING
A ' ' ‘~
No gross errors No gross errors ‘
‘No permanent write errors No permanent write errors :
AN No more than 7 marginal edge errors . No more than 8 marginal edge errors |
No more than 4 marginal edge errors No more than 4 marginal edge errors
® in any 0.90 m (3 ft) section _ in any 0.90 m (3 ft) section ’
No mgqre than 10 dropouts \( ) No more than 12 dropouts
" No more than 12 errors, edge, and No more than 14 errors, edge, and
dropouts combined ' dropouts combined .
e | - o
‘O . . . . . ‘ ’ A

., 26AN errors are temporary write skip errors (see sec. 3.1 - type (a) errors) unless .
no ed as permanent or gro
A gross errof' is usually ca . by scraped oxide, dlagonal creases, etc., and’
2¥plcally persist for at least 6.35 fam (0,25 in). e R ‘
A permanent write error is ‘a sof tware depengdent error and is deflned for
example, by the number of consecutlve wrlte skips over a length of tape (see
sec. 3.1 - type (b) errors). § :

»
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(b) Unless otherw1se speclt‘led the contractor must mamtam, for the term of thei v
contract, original test records, data'sheets, ete., which will -be’ available for the>:
tracing of eafh rehabilitated tape. - The individual- records for. eagh tape shall
include lot nymber, the Aa’éency volume serial number,.- machmx_operator,
number of . efrors per tape, date evaluated, length: of’, tapes, d which
components had to be. replacéd 'l‘he records aré avallable fqr mspectlon by the / é
agency on demand. ¢ _ L e T e

Yol

, (e) The contractor prepares and submlts a det\a-i‘led monthly summary of the

rehabilltatlon process’ pert‘ormed 'These_ records sHall lnclude, but not;"be .
“limited to, a production summary‘to date, the percentag’e of. ta,pes by recordmg M
format, a summary of tapes recelved total accepted and rejected quantltles, \ e
~dnd percentage of yleld R ‘ ) St !

3.3.4 Quality. Asurance Requlrements o g o SN ‘_
(a) ‘The contractor must establish and maintai a. quglity assurance area so.thaf .
.;re]ected lots w1ll be kept ata minimum. o T e ‘,. , ‘-f_ :

R " ’» v . o :
: (b) Acceptance testing of completed lots will be done vby the ag'encys quallty B

B2 o

, (e) ,Each finished umt in the sample shall be. glven a thorough visual -and ;-

i A

assurance personnel ag_a statistical sampllng basis. The’samples will fnclude :
. both tapes éertlfled acceptable and those certlfted as unacceptable by the o
- contractor. - o

v.dlmens1ona1 lnspectlon to ‘determine compliance with the - requn‘ement of the
_agency's speclfxcatlons. Partlcula,r attent’ion shall be ngen to, but not llmlted
to, the. t‘ollowmg' N

,Cleanllness PR , £ N,
(2) 'Tape dimensions (length) " L o L Ty
(3) * Tape wound pile . = S SR T DR
" (4). Reel dimensions -~ - T .
(5). Marker placement o . PR Voo o
: (6). Error count - R "‘ A

‘ (d)" ‘Lots re]ected by the agencys quality assurance personnel w111 be returned to ‘

the contractor, with identifi¢éation as to what will be- required to correet the
lot, The contractor will not be re1mbursed Tor the-correctlon of rejgg_ted lots. {

At‘}‘he present time the agency's ob]ectwe is. to produce a 7596 successfuI yleld
from all rehabﬂltated tapes. . - | - P , . : ‘ e
‘ No effort has been made in- th1s partxcular" rehabllltatlon process to exclse Y
- (strip) defeetive tape regions (particularly at the beginning of the tape) or to .~
. mieroseopically remove defects as described in the section deé.lmg .with tape B
- certifiers. In addmon, unlike some ‘other rehabilitation processes, there is 'no

i environmental tape relaxation penod or speclahzed final tape wmdlng, Such as
] e programmed tension wmd’ : . :

. L o : . . I 1.
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( . - - . [ . ) - . . * . l' : - . . : .- : " ‘ .
LI Methods for the proper care and handling of ecomputer.magnetic tapes are available
for application atall levels of activity beginning at the system software level and

. - . . . ’ ' K ]
e ~ . . . -, E JC
.. . . . . . '

F ~continuing .through ' the hands-on activities of the personnel . in computer . . -

ronments. In their scheduled passage through the;se_‘_ar,eas, it is possible that the
.- ..Tnedia and/or their data-contents may be lost or destroyed.diie to the lack of proper
~ fecard keeping or traffic control methods.™ . < . . . i

<

-

+ - One approach to these ldgi'st,ic&l-prob\lems, particularly in large insthllations, lies in
the\application of softwaré systems which are known as Tape Managemént Systems
- (TMS). Thesg TMS' interact’ with ‘the data; processing system and providé' totat -
organization and control of the flow of the computer tapes in, through; and eut of-
data processihg system, including libraries and vaults. - In-gddition, they ’can -
Aabel, proteet, retgin, ﬁithqra)g.,.scratqh, 0 quality control, i ntify,  schedyle,
pre-stage, control flow both on and off site, anq locafe the position -of every’
./ computer tape in the system. . e o L ot

\. This section® discusses -those specializgd areas found in three Tape Management-
.~ Systems whose functions are to earmark, cg%gl, and trate i‘n : ‘
media and their data- through the various ope tigns. -They maintain.the’security of . ‘
the data by cireumventing,system operations which can pose a threat to thé-medija
1 and data. It should be-noted thgt in these and most other TMS-there are a‘number,
of other important functional capahjlities.which arg. related to areas;such as data’
organization and cost effective megia operafions. _For example, éne source clair}g
that-a TMS can liberate enough sfgstem capacity so as to’ permit up to 30% mor
tape processing throughput [32]. Some of these TMS. are quite complex e¥id costly.
In addition .to theSe .complete Tape Manggement ’Systé?ns, “there are- limited
error-logging software systems which deal solely and directly with the condition of
the conmjyter tapes, One of these systems, SAS-I (see sec. 4.4), ‘can be ysed in lieu
" =of off-like tape evaluation and certification methods which were described in‘.the
- .Scheduled Tape Maintenance section 3.2.3. N S

’ : . . 1(\{ . \.~?”. . ,

~ The brief discussion of ‘the following three TMS ang’ the:SAS-I to the exelusion of

. other available systems is not to be construed as an endorsement. of any particular
systems. They were chosen as examples because of- their direct relevance apd

~ applicability; to the ta'pé care andrhandling process. Intérested readers can obtain

more complete information from the vendors of availablg systents. ) a
W ’ ) ‘ , . . - ’ . N B ‘ s . ¢ ‘_/_/ -
. ,4.01. TM§-I J . 1 - = .

<

. ﬂ;his" system  [33] automates- the’ rgeord kéeping‘ ‘of a tape library and vault and

+ produces reports for their daily operation and control. It provides the user with a
full fgeility for inquiring into and-maintaining complete information pertinent to the
operation of the tape library. It accomm odates a library which is.organized by tape

"volume, serial number, or by application. . A
i k 'vib . ’ - ‘ 7{ " - ' . ’ ‘h . 'u " : L] .

- 29These systems are also referred to as Tage Library Management Systems.
. 304 scrat¢h tape is -one which contains no useful data and is capable of being *
* reassigned to a new apblication. L -. .

S TR
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TMS-I pro’vidés' both a daily tape movement report and+a tape inventory by location

- report., Italso offers a real-time verification of the scratch eligibility of an output

tape volume at open time. Gummed labels with complete up to they minute :
inforniation, can be produced OnXine during the actual execution of the job at the
time the tape is created. These labels can be generated in & variety of ways which

". are selected by the user; this includes both ‘on—'l‘i'ne or batch mode opgration. »I_f :

desired, the user may not call for any labels. .

. <
TMS-I has several fail-safe backup capabilities such as the automatic restart at the,
point of the tape activity which is in process at the time of a system crash. The
system can produce a variety of standard reports at- the user's discretion. Among
these are a complete list of tapes under refention, eligible scratch tapes, scratch
forecasting, -tape movement, offsite storfige inventory, and a compléte tape
inventory. These reports can-be accessed by referring to such items as the tape
volume serial‘number, data set name, -and the creation date. ’ ' '

TMS-I can also 'x"eport the following type of corhputer tapé-ihfqrrha-tion upon request: - k

purchase date, manufacturer, recording density, type of labél, footage, total times
used, location, ‘date last cleaned, times used since last cleaning, read errors, write
errors, gnd the responsible programmer. ! : : '

? 0

TMS-I.is capable of tracing a data set through previous. generations even thbugh its
name has been changed. It will process data differently depending upon whether the
on-line or the batch mode of operation is applied. SR

‘TMS-I ‘automatically screens the qual‘ity'\of all tapes as they_are moved into the
.scrateh pool. This includes tape age, tape cleaning information, and tape error

~ statistics. Flags indicating quality variances are displayed on a Daily Scratch Tape

Report. In addition, when tapes pass their retention date, they will also appear on
this report. . : _ : : I

Every major function which is provided on-line is completely duplicated in the batch
backup system.. This means that if for- any reasons the on-line system fails to
function, TMS-I provides the user with an automated batch backup system. These
backups include such major functions such as tape label generation, update for newly

. created tapes, and newly available scratches among others. -

A\

- TMSHI [34] pbovidw protection against the inadvertent destruetion of tape;-files ahd .

4.2 'TMS-I

: . N

permits tape operation with minimum Qperafo!"int:qr_yéntion. ' _ oo

" The. central control in TMS-II is prq"\"'i.idg’d;‘by ‘a 'i‘f\}),e Management ‘Catalog kTMJG)-
* which prohibits any processing of a tape:by a use program - unless the TMC first

validates the operation. All necessary information associated with -each tape
volume is stored immediately in the TMC: gt -tape OPEN, CLOSE’, or EOV operation. .

- The TMS-Il management system handles standard labeled, non-standard 1abeled, and
- unlabeled tapes. ' The system removes the need for creating -and placing physical

labels containing data set information on the tape reels; 'only the volume -and serial
numbers are required. .ﬂThﬁis eliminates the possibility of an operator assigning a
wrong label to a reel of tape., It i‘s possible to operate under TMS-II control without

S0 o T T
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removing the tqpe""?vrit'e enable rings. Each secondary backup file on a tape is
separately protected and reported with its own identifying.record and expiration -
date in the TMS-II data base. There is a data set (AUDIT) which tracks all changes .

to the TMS-II data base. This provides for the restoration of the data base up to the™ .

instant of failure should one oceur.- . - . _ N .

TMSHI is capable of repor

tiné the following typé of information (and others not
listed): . . .

ot

(1) Tape inventory lists by volume serial number, by data set, and job name.
(2): Forecasts of tape to become scrateh. : '
(3) _ List of scratch tapes with cleaning information. '
(4)" Alist of jnactive tape reel numbers:i ‘
i . . Y 4 . . T N
- The system will also produce a list of all tapes;which have generated 1/0 errors in -
* the past 48 hours. It can provide data set sécurity through its own PASSWORD
facility which is independent of the operating: system. This password facility
prevents access to sensitive data as long as the tape is under TMS-II control. This
security however cannot be assured if the tape is sent to an uncontrolled area or is
scratched. To prevent this, a utility program is available in TMS-H for erasing
sensitive data before the volume‘is sent out. . ‘ .
TMS-II provides the following type of retention criteria for tape data “sets:
* expiration date, retention period, frequéncy control (i.e., a tape data set is held as
long as it is used every x number of days), permanent tape hold, ete. There isa .
program which lists all tapes with a retention périod of one year or longer. ’

It also provides lists of scratch tapes which should be cleaned, bssed upon criteria
such -as the number. of days since the last cleaning, number of uses, number of
temporary read or write errors, or any combination of these which the user has
specified (see sec. 1.14). Tape certification processes can also be tracked by the
system. . ‘ S ' B :
There is a special area in each tape volume record in the Tape Management Catalog
(TMC) which is available for storage of information, such as the tape manufacturer's
name, . certifiéation information, or any other useful information relative to
effective tape management. ‘

TMS-II incorporates a Vault Management, System (VMS) which controls the
movement of tape volumes from one storagé location to another. Typically, critical
tape volumes are cycled.out of the central tape library to progressively more secure
and less accessible storage areas such as vaults,” and then are ‘finally transferred
back to the central library. The VMS maintains a record of all vaulted tapes./ For

~ example, when a tape meets the criteria for being vaulted, they are listed. as beifig
"out-of -area" with. the proper vault code and records of -the current location and’
destination for tapes that are to be transferred. The vault tapes can be located by
slot numbers which are automatically controlled and updated by VMS. The retention -
of a vault tape can be based on one or more criteria such as number of days elapsed
since placed in vault, number of days si;}(de the tape was created, a specific.hold .

- time; plus several others. : - o '

’
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One large user of - computer t#pes in the Federal Government employs TMS-II system
in order to keep track of 7,000- to 8,000 reels which they mount daily. The system- .
generafes reports such as: summaries of temporary -and permanent errors
encountered on each mounted reel, identification of tapes in storage for ten years,
five years, ete., the manufacturer and brand name of each tape. Critical tapes are. i
backed up daily. with multiple copies; Qe set is stored off-site. -
43 TMS-III :

This system malntams complete control over a tape library. This control extends
" .into the areas of data securlty and data set inventory management- [35].

The TMS-III system maintains a master file which has a real-txme record of every
tape volume. The master file data are obtained from the operating system
whenever tape data sets are read or written. The master file is accessible for both
on-line inquiry and off-line generation of reports. The data sets are protected by
the TMS-III Data Set Protection feature against unwanted destruction by the
operator unless their release is authorized. It recognizes all protected tapes and .
prevents them from b;e’lng wrltten over by automatlcally dlsmountlng them.

The master file malntalns 1nformatlon such as the purﬁ?aﬁe date of the medla, the
manufacturer, the last date when the media were cleaned and certified, the location
of the tape, the number of permanent write and read errors. The system will
highlight tape volumes that have a high failure potential due to excess errors and
will also automatically schedule preventive tape maintenance (see see. 1.14).
TMS-III exerts automatic tape scratching eontrol; this decreases the total number. of
tapes which remain in the operation. Also, through various other information areas
such as the orlglnatlng tape drive, it assures the.proper reel labeling.

The automatie tape scratch control feature returns volumes to the scratch pool as
soon as it is feasible. There are several optlonal tape release controls avallable to
the user, for example: :
»(1) The tapes are automatlcally released at a specified.date, e
(2) A tape is released to scratch when it is no longer found in an operatmg
system data set catalog,
- (3) The tape is released to scratch when it meets both condltlons (1) and (2),
(4) The tapes can be released at any desired time w1thout regard to conditions
- @0, @, 0. g

Once a tape is released for any reasons whatsoever, its data set entry is removed :
from the master file either automatlcally or through a command

The TMS-III .performs most of its functions on a contlnulng basis without the
neces51ty for user intervention. It automatically checks to make certain if a tape is
" in a scratch mode. If it is, then the tape can be used as desired after the master file
is updated to its new status. Theé updated tdpe information includes its read/wrlte
- error statistics. Importantly, TMS-III maintains sufficient background information
on each processed tape so that data can be recovered i the vent of a data loss

Data center dlsasters can be mlmmlzed beca" e. TIVS-III schedules and tracks
. off-site movement and storage of all criticdl tape data sets. . ‘.
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WIt s possxble to request the followmg output mformatlon from a system under
TMS-III control: :

LY . A \
. When will a paftlcular tape volume expxre" ’ :
. Whlch»tape volumes have been or w111 be automatically scratched? - ‘
. What is the storage status.of tapes; i.e., where are they located other than in .
- the primary.operating area? ) . L e,

- . Aread out of the master file contents. S R

-« Which scratched tapes are to be certlfled and cleaned"

. e
It is recommended by TMS-Ilrthat tapes should be cleaned after every 15 uses and L
evaluated/certlfled after evefy third cleaning (see sec. 1.14). - .

TMS-m offers a users selectable g'ummed label feature which gives posmve external
- 1dent1f1catlon for all speclfled tape volumes.

4.4 Surface Analyms System (SAS-])31

‘SAS—I [36] is a specla.hzed software utility program that is capable of

simultaneously testing (evaluating) (see sec. 3.2.3) one to nine tapes online at normal

“.tape eds on the system tape drives. "It certifies new or scratch tapes by

recording them with a special character set which can defeat one or two bit error
recovery; it can also certlfy data files by reading (READ ONLY) the existing data
non—destructlvely and examining records and fields for bad spots. The certification
is performed prior to 'a/ctual tape use, therefore eliminating expensive job aborts.

SAS-I provides a permanent record in.the form of a summary report for each tape
whxch has been tested, These sum mary reports 1nc1ude.

. The number of temporary and permanent errors encountered. :

. The number of write retries attempted in each error area. -

. The length of the permanent errors and thexr approx1mate locatlons on the

tape.. . .

SAS-I also issues data check messages; i.e., abort messages. to the console. This is
done if, typically, 16 unsuccessful write retries occur on 16 consecutive locations
during a test run. A different tape abort threshold, however, can be specified by the
user if desired. The user may also specify the number of errors for which the tape
shall be cleaneds Therefore, SAS-I may be used to schedule tapes for cleamng based
on error counts rather than on fixed tlme intervals..

SAS-I can be used effectwely in a scheduled malntenance program for monitoring
the condition of tapes in long-term archives. It is recommended that these archival
tapes be certified at least once per year (see sec. 2.1) us1ng the READ ONLY

.

SAS-I can also be used to. test the condition of the system tape drives. This is
performed by recording the. special character set on a known good tape on each of

~ the transports under test, and then recording the total number of errors produced by

each unit.  For example, if eight to ten of the transports prodiice very few errors on
this tape and the other two machines produce a large quantxty of errors, then these
latter two machlnes should be inspected and serviced prior to further use.

315AS- is the aiithor's des:gnatnon for this system for convenience in presentation. -
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5. Clean Roomé and Clean Room Operations Guidelines ,

The care”and handling of magneti¢ storage medla in researeh, calibration,
manufacturing, and test facilities often require work. areas in whlch airborne
contamination is controlled. These areas known as clean rooms are desecribed in
-Federal Standard No. -209A (August 10, 1966) entitled "Clean Room and, Work
: Statxon Requirem ents, Contro)led Environment."

_ 5“%,, Qﬁalptnon of Clean Rooms .
' The standard defines air cleanhness classes based upon- the maxnmumvnumber of g
,mrbomegggrtlcles of a partlcular size in a specified volume of space. For example,

there are"two particle size classes 0.5 jum (20 pin) or larger and 5.0 um (200 pin) or

larger, and there are theee cleanliness classes: - Class 100, Class 10,000, and Class -
100,000.  Class 100, which is the gleanest standard environment, is. defined as an
area whlch ylelds a maximum mrbome particle count not to exceed 3.5x 103 .
particles per m3 (100 particles per ft3) of particle size of 0.5 um (20 uin) and larger. .
A Class: 10,000 is defined as an area which yields a maxl um particle count of

3.5x 105 _particles per m3 (1x 104 particles -per ft) of a particle sxze of .

0.5 um (20 puin) and larger, or 2.3 x 103 particles per m3 (g5 particles per ft3) of a
“particle size of 5.0 um (200.uin) and larger: Class 100,000 is defmed as an area
which yields a maxnmum partlcle count of 3.5 x 106 partjcles per 3 (1x10°
partlcl&s per ft3)of a partlcle size of 0.5 um (20 pin) or darger or 2.5 x 10 particles-
per m3 (700 particles per ft3) of a partxcle snze of 5.0__um (200 pin) and larger.

Equipment employing hght scatterlng prmclples are psed (see ASTM F50)32 for
: countmg particles with sizes of 0.5 um (20 ;un) and lagz r. For counting particles
with sizes of 5.0 um (200 pin) and larger, microscopic counting of partncles which
have been collected on a membrane fnter ;hrough which a sample of air has been
drawn may be used (see ASTM F25).3

Clean rooms fall into the f ollowmg categomes.

() Non—lammar alrrow types in whlch the alrflow patterns and velocities are
not uniform. ‘ .
(b) Laminar airflow types in which the entire body of air within a confined -
© area moves with umform velocity along parallel flow lines with a minimum
of eddus.

A conVentlonal clean room uses non—lammar mrflow des:gn and makes use-of highly
filtered and conditioned air brought into the room area through individual diffusers
located in the ceiling. It exhausts the air throug'h return ducts located near the
" floor around the periphery of the room. Emphasns is placed on limiting the amount
- of contamination introduced into the air in the room by controlling the personnel,

'operatnons, and materials msnde the facihty. Personnel are reqmred to wear low

32American Society for T&stmg and Materlals (ASTM) F50: Method of Test for
Continuous Counting and Sizing of Airborne Particles in Dust Contrélled Areas by
the Light Scattermg Principle (for Electronic and Similar Applications). ”
33ASTM F25: Method for Sizing and Counting Airborne Particylate Contamination
Clean Rooms and Other Dust Controlled Areas Designed for Electronic and Similar
Apphcatlons. o : _ A '

-
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pajpﬂl: shedding type garments (see Guideline$ at the .end of this section),-and all
persohnel and materials must be cleaned before introduction into the area. Removal
of contamination is performed through careful maintendnce and janitorial service. ,
A laminar Mpe of clean room utilizes highly filtered and conditioned air which
enters the fpom and flows towards the work area through a filter bank; this bank
constitutes either an entire wall gr the ceiling of the room.. The air is’'then

; “exhausted through an: opposing parallel surface facding the air inlet filter bank. The

air moves throdgh the room in a laminar flow fashion, thus making only a single ‘pass

. through any given area of the room. This laminar airflow stream carries (out of ;the
‘room) both contamination which has been brought into the .clean room on persennel .
“and equipmenf, and ‘sirborne contamination generated:by operations in the room.-, °
. Contamination generated in localized areas of the room is isolated from other areas

by the striatigns of the laminar airflow. Emphasis is placed on performing critical

‘work in the rbgions of undisturbed clean airflow from the imcomirig air surfage.

Personnel r'estri__ctionS, equipment cleanup, and ”operationqi_l- -{limitatiogs fare
minimized in a properly organized laminar flow room. BRI S

AT

- . S, v T T
The laminar flow clean room is considered to be at the state-of-the-art in present

"
oot

..day clean-room technology-and is the:most desirable (and generally most expensive) .

.fype.. . Either type of clean room, both laminar flow. and non-laminar fiow, employ.

' room ‘'system,

© High Efficiency Particulate Air Filter Units {HEPA's); thése are referred 'to as

absolute filters. Some of these HEPA's are designed to remove ufto 99.97% of the

.defined particles from the airstream and are very costly components in any clean )

{ C -

When it s neither necessary nor economically feasible to construct a full sized Class ™ "

100 clean room, it is possible to construct.small individual laminar flow, clean work
stations- aty specific locations where specialized separate .tésts or measurements are
performed. : The exhausting’from and the positioning :of the work: stations. .depend -

~upon the operation: being - performed, the equipment involved,-and' the test or

measurement - residue. ' For example, operations that produce heat, dirt, or toxie

~ exhausts should absolutely be ducted out of.the laboratory environment.' There are =
~ other tests or measurements which will not affect the ambient room particle count .-
‘or'the T-H. environmént angd will not require separate exhausting. L e T

“Full size. cléan rooms and clean work stafions are constructed in both' vertical

Y

,(ceiling—tbjj,ﬂp()i‘) and horizontal ‘twall-to-wall) airflow configurations. Since many

© normal WQD‘%'R‘.‘L%?S‘ and laboratoriés are not sufficiently+air-tight-to.be made directly -
. Into_clean r bm;s, room-within-a-room type of modjlap-'clean room configirations
_ ' are.available ‘which are installed as integral units into.these otiginal work areas.

There are numerous.accessories available for use with clean rooms [10] ,[(11}. Some

- examples gre, par.fs f’p.gss—t,hrough chambers, through which items are transferred.

introducing external contamiriants. R

" encapsulating and'production asgembly, and inspection.

into the. clean room mper without affecting the -¢lean' level integrity, and ‘air
showers and air locks thfough which the personnel enter the clean rooffi atea without

In ‘addition, there bre individual clean work ‘aress ‘which axie ‘specialjzed for
particular functions such ‘as' ultrasonic cleaning, medical research, photoresist,
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A1rborne~ partlcle concentratlons should be measured at representatlve locatlons in
the clean room or work station. It is necessary to recognize that the differences
betweén non-laminar and laminar airflow systems lead to different megsuring
techniques. For- example, contamlnatlon generated in nor-laminar flow rooms or
" work stations generally tends to be diffused over the entire work area, thus airborne
¢ particle counts will be fairly uniform through the whole work area. In laminar flow -
rooms, however, any airborne coptamination released into the work area will follow
- the airStream path towards the exlt, therefore, contamination levels.in. these rooms
can vary from- a Class: 100- Yevel -at "anair entry. location to a much _higher_
contamination level downstream_of the dirtiest operation.” Thus in a laminar flow
facility, the sample of air should\ge taken in the areh of interest.\ Also, the particle
count should be taken at work height level and 1n the general wor&g,ctlwty areas.

- a

5.2 Various Medla Clean Rooms in Industry and Govemment S g

The following information was obtained from various industry and Goverqmefnt
magnetic media testing facilities that employed clean work areas.” The 1n,qu1ry was

P B

undertaken at the -outset of the ICST Computer Storage Media program in:order to - . .

determine the characteristies which are required for g facility which was to.be used

for the calibration and measurement of magnetic media Standard Reference .
‘Materials. It is important’ to note that most media organizations felt that,
‘temperature and humidity controls - were generally ‘more important than hlgh
cleanliness levels at thelr lnstallatlons. :

@

(1) Government Agency A

. 'ThlS orgamzatlon demgned its own clean room whlch was then constructed
> by a general contractlng firm. The 99.97% HEPA filters were used, and’
o . emphasis .was. placed upon malntalmng the followmg temperatures and
humldltles. PR SR
EL % ?
’ Temperature. 210C to 26. 6°C (709F to 80°F)
}1elat1ve Humldlty 50% +. 10% :
~ _
The cledn room floor was raised and.was made of an epoxy materlal The
walls were aluminum clad over plywood. - These features produced shed-
free surfaces. It was felt that asbestos floor tiles tended to abrade and add
. contamination into the environment. The raised floof was used in order to "
- , facilitat& laminar airflow delivery to .various work positions by indi¥idial -
ducts-as well as to hide power cables. Thg room was employed for in-house
experlmentatlon and magnetlc tape acceptance testlng

5

(2) Government Agency B - _ ) .

(a) Thls organization malntalned a magnetlc tape measurements room
. which was "semi-clean." It contained two -eontipuously running
. precipitrons. There was no "through" traffic in this room and entry -
was restricted to only ‘those who had to operate in the area. . All
personnel wore nylon boots and coats. Temperature and humidity was

. maintained w1thin the followmg controlled limits:

Temperature: 21°C ‘to 26 69C (709F to 80°F)
Relative Humidity: '50% +3% -

S 106'- .' o
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(b}

b

Agency B also maintained a_ magnetic tape acceptance testing- area
which was-a Class 100 laminar flow ropm. It had an oom and an
air shower arrapgement. Its environment ‘was maintajned at the same

~ temperature-humidity values as the measurenrents room above.

L QN

(3) Mggnetili:.TtaneNManufacturéfA

This was a large, established mignetic'. tape manufacturing organization
whose original clean room facility was built before. the advent of

! cleanliness standards and was. not correlated to a specific Federal Class. A . .

.particle count program showed that large variationsNn count were caused
by a simple movement of personnel in the cleanwoom. Additional tests
showed that the particle count had little effect on the production of signal -
drapouts; i.e., a large increase in particle count had produced a very:small

"i- < <. “ghange. in signal dropouts. ' The prevailing opinion was that ‘precise -

temperature and- humidity: controls were.a more critical requirement than
- extreme cleanliness levels. The company also found thatthe .results of '
tésts- which were run in.the. summer and the winter differed considerably
until stei¢t T-H controls were instituted. . However, it should be noted, as .
expected, that as the recorgded test densities increased, the effect of dust '
particles on dropouts became more serious (see sec. 8.1-eq(4)). -

. This clean room installation had a completé change of air each minute and -~

encouraged clean working habits among the personnel who were required to |

wear white, lint-frée coats but no hats or boots. It was noted that one
useful purpose for the white coats was psychological in nature since they

tended to ericourage cleanliness'by their presence. The environment in the

laboratory was maintained under €he following conditions: .

(@)

(b)

"»(c)
(

{

(e)

(f).

Terhpefratupe:‘ 220C to 240C (719F t6 T59F)

< o S
Relative humidity: 45% (nominal value) = -

Filtering was accompliSheé through 99.7% absolute filter types (this -

was less than a Class 100 requirement). The air was prefiltered before
entering the absolute HEPA filters. . AR : T

~

9

*d) Positive prés'surizatidh was produced by an airflow 'of approximately -

0.14 m3/s (5 £t3/s) to 0.2 m3/s (6.7 £t3/s). -

A plenum ceiling discharged the sir into the room. - *.

Clean clothes were worn by .c;pei'ating personnel, but thére was no air -
- shower arrangement at the entrance:to the room. '

©

The ro%in had ‘a_( _._j:'err‘azzé (epoxy with chips) type floor.

. . s [
& . . : . - . . [
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@ Magnethape ManufacturerB , ' ', «

(5)

(6)

R *-Miseellaneous S o o -

L] )

This company tested. large quantities of bulk magnet}c tape. It orlgmally
attempted to maintain a Class 100 clean room environment but was
unsuccessful due to the tape(matemal conveyor system that was used. At
best, it was. able to achieve a. Class 1,000 room. The company also felt
that ‘temperature .and humidity controls were: 'very “important, whilé

extreme dust control was relatively unimportant. It noted that NBS.
reference tape measurements would be of those tape propertles in which
.- dust would not affect the results and that anomalies due to an occasional’
. dropout due to dust could eas11y be removed from the final results; this . -.

~eventually proved. to be corrept. -However, they further noted that if

-

(a) Comtruct the room with non-sheddmg materlals.

as can be achleved mth clean-work statlons, would be m order.

Magnetic Tape Manufacturer C

- This organization noted that: (1) a tape measurement 1aboratory should be

restricted to only those personnel that.are a‘ctually working in lt‘, with no:
through traffic permitted; (2) a very clean working arrangement could be
obtained’” by having a laminar airflow over both the. operator and the
working surface, with the machine heat and residue belng exhausted out of

the laboratory. through a duet system~ and (3) the .minimum- requxrementsn
‘for the laboratory were:

e

(b) Use positive.air pressure.

(e) Lighting fixtures should be cleanable and have as few ledges and dust'\

catching surfaces as possible.

- (d) Temperature and humidity control was absolutely necessary. -'

* flow ‘system in those operating areas where.the magnetic coatings were

(e) ‘Special clothes were not lmportant. ’

Tape Manufacturer D

This: orgamzatlon had a clean room whlch did not achieve a Class 100-1evel. |
They had an air-lock entrance, ¢lean monofilament garments, Hair‘nets but
. no booties. For the yolume of traffic that they carried, a Class 100-room
was not feasible, since in-fact such a clean room should have no traffic. .

They used absolute HEPA filters '(99% - plus, particle ‘removal . rate),.
controlled temperature and humldlty, and‘moved a large volume of air in a
non-laminar flow.: pattern. -They - ‘also maintained posmve room air
pressure. In their new plant, they used 99.97% HEPA filtering in'a laminar

still in the hquld state, and-absolute cleanliness was requiped.- At the time
of , this inquiry, this company used small, individual lammar flow statlom
for some of their research and teStlng operations. . L

> R

.._‘

It has been reported by one media manufacturlng orgamzatlon that their £

_operating personnel experienced psychologlcal effects Which were” “caused

. by a feellng of isolation when worklng in the1r fully er)closed Class 100 °

LI

1Qs

/7
e oo

*dropout testing is done in quantity, then higher degrees of cleanness, such o
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~."clean.room. The organization subsequently changed to a (approximate)
Class 10,000 ‘clean room with cleaner -individual work stations. This
permitted a greater -personnel traffic flow and relieved the isolation”
-problem. It has been reported by one orgahization that their research and:
.development _engineers generally did not follow all of the very strict.
procedures which are required when working in a full Class 100 room, and
that théy performed considerably better at individual laminar flow
stations. .However, it should be noted that in some technologies a full
Class 100 clean room is absolutely required.” For example, a Class 100 . B

> alean room is heeded when working with materials .and devices such- as .

‘e

semiconductor materials and delicate gyrosedpes: whose characteristies can

.. ;be damaged by contamination with foreign matter. It wgs noted that

* " individual clean work stations of Class-100 levels when used, should be
O immersed in areas which.themselves are are of Class 1,000, if possible.

5.3 General Guidelines for all Types of Clean Rooms and Clean Work Stations34

(1) “Garments specified as applicable to a given facility must be worn when entering :
the area; for example, lint-free smocks and coveralls. . -

(2) Né?{her smc;king nor eating should be permittéd in the clean room area.

Ki

(3) . Head covering, whi<L:h covet'-s' the -entire he¢ad, should be reduire_d to avoid .
component contajhination by loose bits of hair or loose bits of skin flakes.

(49 No cosmetics shall be worn by any w,orkér while in any clean area. This: shall/
. include: rouge, lipstick, eye shadow and eyebrow pencil, mascara, false eye
-~ lashes, fingernail polish, hair spray, and the heavy use of an aerosol deodorant.

(5) Limit paper entering area. There are spe_éi\al; nonshedding pepers for nec_eésdry .
: records or paperwork which are approved .ﬁ%‘clean room applications.

! (6) Use only ballpoint pens for writing. Léad . pencils ‘and erasers should not be
. permitted in-clean roomh area. ~ S ‘ o K

(7) | The use of paper gr fabric towels should be forbidden. Wash rooms should have o

: eléctl_;iqally powered, warm air.dryers. - - : : L :

- (8) " Hand lotions, créams, or soép‘ c0ntaining lanolin to tighten skin particles should - .

, be used, as appropriate. ‘ R

.-(9) Solvent contact with hands should be avoided, as many. solvents remove natural
skin oils ca__using}excessive "skin peeling” or flaking. "% : Co

(10) Lint-free . gloves, finger cots,” tweezers, or other ‘handling m'e\.thodsi.andv’_' -
_equipment should be used while' working with or handling sensitive parts, to.

- - avpid contamination of those parts by loose skin or natural skin oils. ‘

"~ (11) Clean all equipment before entry into area'byIGuSting,'vacuuming, washing, or .-

' "+ by suitable means, as best suited to equipment involved. P

. 34gections 5.3, 5.4, and 5.5 are recom mended by[37).

09 e
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S (12 Gloves or flnger cots should not be permitted to touch any item or. surface that
is not known to have been thoroughly cleaned. Speclflcally, tney should not -

- touch'any part of the anatomy, covered or uncovered ‘- )

. " .'
) . N
p - \

-

(13) No tool or part should be permltted to be placed on the bench or other surface
until that surface has been cleaned with a clean hnt-free, 1sopr0panol
dampened cloth. Other equally effective Solvents, compatlble w1th the surface,
may be used if isopropanol i is not avallable. _ o ;

(14) No tool should be allowed to rest on the surface of the bench or work surface,
but should be placed on a hardware cloth or perforated metal ragk, to guar
against contaminants which have settled on the work surface belng transfe ed -
to the tool , . : s

(15) All parts or materlal containers, racks jigs, flxtures, and t0018/should be
cleaned to the same level of cleanllness specified for. the product belng

proceﬁsed ' _
5.4 Guldelmes for Nonlaminar Au'flow Clean Rooms and Clean Work Statlons

(1) Garments shall be pocketless, llnt-free coveralls, w1th prov1s10ns for snugly
fastemng the neck, wrist, and ankles.

(2) The caps which must be worn, shall be of lint-free fabrlc,.deSIgned to cover the -
' head and hair completely, except for the, face--which shall lnclude the eyes,
‘ . nose, mouth, and chin. . S

_(3) Shoes shall be cleaned and. covered with a nonshedding boot type. cover, or .
. changed to approved clean room footwear. If special footwear is prowded they
... shall not be worn outS1de the clean room. and dressing room.

'(4)' The use of compressed’ a1r, except in hoods speclflcally designed for that
purpose, shall not be permitted. Any operator ass1gned to such a hood s 1.
have special mstructlons for its proper use. - . _

(5) Room’ maintenance, except for vac,uummg by a properly garmented employe
' shall be restricted to periods when no productlve act1v1ty is being performed
* and when any ‘material or work in process is covered by an approved cover.

(6) Jamtorlal services shall be perf ormed only by adequately tra1ned and superwsed
- personnel, each of which must be properly garbed. ' * : }

(7)) Al equlpment which must be brought 1nto the clean room, shall first be
- thoroughly cleaned, and the use of the equlpm ent 1n the room’ shall not’ generate
.+ any contamlnants._ . _ : :

(8) -Trafflc into: and w1th1n the élean room shall be restricted to- authorized
personnel and unnecessary movements by the perSonnel shall be mlmmlzed.

'




5.5 Gmdelms for Lammar Au-flow Clean Rooms and Clean Work Statlons

(1) Garmentmg ‘may " vary wi”th the® type of operatlon being’ performed but- the

.. .minimum garmentlng shall be a-podketless; lint-free smock, or coat, which
' must: extend to a minimum of 0.4 m (1.25 ft) below the work surface.a The

collar and cuffs of thegafrment shall be equxpped to be fastened at the-neck and
‘wrists. .

(2) 'Head coverings shall be worn, and shall be.. cape'ble of 'completely covering the

- hair area. If the operation requires the wearer to lean over-tHe work, or move’

into the airstream between the filter bank and the work pxece, the front, s1des,_ :

S and rear neck area shall also be covered.

N ®

(3) Spec1§1 shoes, or shoe covers may not_be necessary for vert1ca1 lammar all‘fIOW' -

l facilities, nor for horizonthl airflow installations except when. the work is being

performed at a point less than 0.6 m (2 ft) from thé floor. ST

(4) A face mask may be needed. 1f an operator has a cold or if the nose and mouth

must be brought very close to the work piecegfor work on mrmature parts. S

q
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7. - Appendix A. Handling and l;h!ironmental Effects - - S
R N . ' N ]-' ¢ . . R ’
7.1 Effects of Hydrolysis on Tapes
- [} e

computer magnetic tapes in storage, in ttansi in uncontrolled environments, are
. among 'the principal causes for physical chemical changes and eventual damage
to the media. Secondary damage to'the tapes can be caused by the distortion of the
flanges on the plastic reels.and/or the hubs under extreme environmental conditions.

. L . . yarl - ' E T . .
Large varigtions in temperdtiure and ;51:;11% 'which may be encountered by

Three of the major components of a computer .magnetic -tape (i.e., the mylar -
. substrate, the polyurethane binder, and the backcoating) display hygroscopic
properties, That is, they Hoth absorb and desorb atmospheric moisture as a function
 of the rgfative humidity. In an unsealed area such as a computer center or large
_vault, the water conten} of the tape will come into equilibrium with the relative
" humidity of the atmosphere [29). It has been found that a number of adverse
reactions are related to both extreme or fluctuating humidity environments.. These
reactions include increased tape “abrasivity, increased head wear, increased tape
debris and associated error rates, gummy products which are produced by
polyurethane binder; degradation, and tape pack tension increases and decreases-
leading to tape cinehing39 or blocking.36 ' et

Studies [26],[29],[30] using commercially available magnetic tapes, concluded that‘a
‘primary cause of tape aging and degradation was the hydrolysis of their
polyurethane binders. Hydrolysis is a double decomposition regetion in which water
is one of the regcting substances. In the case of computer magnetic tapes, the .
hydrolysis procéss consists of atmospheric moisture plus ester combining to. form
carboli¢ acid and aleohol. Since the ester is required to maintain the ecrosslink
structure in the polyurethane binder, the reaction tends to weaken the binder and
cause tape gjiihder'sheddihg and deteriorated mechanical properties. Fortunately,
this chemical reaction is a reversible process; that is, tape binder rejuvenatioh can
be accomplished by storing ther media in a proper ‘temperature-humidity
environment (see sec. 2.2.1). S L
In tests performed with tapes in four different temperature envifonmmts, it was
found that from 30% to 100% relative humidity (RH), the binders were degrading;
‘* while from 0% to 11% RH, the binders improved chemically. Henee, the tapes
remair’stable in an environment with relative humidities in the range of 11% to 30%
- RH, while tape binder restoration or rejuvenation begins in relative humidities below
11% RH and is best accomplished at 0% RH (i.e., a dry gas environment). The
hydrolysis process js accelerated by increases in temperature. . : .

Mot importantly, these studies have led to chemical theories, and test methods for -
predicting. and extending the lifetimes’ of magnetic tapes. These lifetime
‘predictions are not based solely upon their chronological ages but also upon their
chemiceal ages which are-a function of the hydrolysis cycles the tapes have already

‘experienced. The s(tg&dies have determined that an optimal archival storage

I

envifonment is one wl'ii&_ i#tightly controlled to (see sec. 2.2.1 and fig: 3.): 18.30C

_{65°F), 40% RH. - . vd

35Tape -cinching is the folding or creasing of the tape whicﬁ is caused: by tape
slippage upon acceleration or deceleration. - '
36Tape blocking is the adhesion of adjacent tape layers to each-other.
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Another finding in these studies was that tapes which were sealed in a hermetic
environment:at @ constant'temperature tended to improve their chemical (binder)
quality. This occurred regardless of the initial humiditk at the tlme of the sealing.
This finding is 1mportant, for example, with units such "as sealed, spacecraft
recorders. . _ :

7.2 Effects of Humldlty on Tape Abraswity

‘It was found [38] that the relative humidity had a pronounced effect on the ..
abrasiveness (i.e., head wear tendencies) of a number of the tapes which were under °
investigation. For example, tapes which were abrasive at 50% RH became virtually
no,n-abraswe below 5% RH. ' Tape friction was observed to rise even further with

- increasing humidity. Several observatlons were made as an outgrowth of - this
hum1d1ty dependence , _ ~ A

\
‘(@) A long tape {oop ‘which was precondltloned in a 50% RH envxronment and
-~ maintained in that conditiop during a test, exhibited app: xlmately 5% of
its expected abrasivness when the vicinity surrounding the area where the
tape contacted a 12,7 mm (0.50 in) diameter metal test rod was flooded
with dry air. This v1c1mty included less than 25 4 mm (1.0 in) of tape '
length. - 1, . :
(b) . The tapes used with various types of metal rods in a "rod-wear" test . ’
- which substituted these rods -for the actual heads, displayed a metal
dependent 'abrasmty respons€ under fixed humidity conditions. -For
" example, in tests using a group of equally polished metal rods madvt:zlt
. annealed dhd unannealed high permeability alloys, unannealed br
aluminum, and copper, it was found that' the high. permeabihty alloys
produced a sharp increase in tape abrasiveness at 50% RH, while
- aluminum and copper produced very little response. - The type of brass
which was used produced approximately one half of the tape abrasiveness -
as cqnpared to the high permeability alloys. Since aluminum and ¢opper -

- are used in interchannel shields and spacers in some read/write heads, it -
was surmised that this may explain' why high permeability pole-pleces and
other head-surface materials are found to wear equally .in- some -
-+ installations, while in others the pole-pleces are channeled out due to a R

higher wear rate. . : -

(¢) Later test results [29] did not dlsplay a direct correlation between the
, hygroscopic properties of the magnetic tapes and thelr abrasive wear
be T, patterns.  However, it was felt that there still was a possibility that such
a relationship existed. It was further Suggested that the observed
‘breakpoint at 40%.to 45% RH.at which there was a’sharp inerease in .
"~ measured abrasiveness was in fact due to the materials used for the:
construction of the recording heads; the tapes were 1nvolved malnly in
delermlmng the magmtude of the abrasive wear. v

Two possxble mechanisms were hypothwlzed relatlve to, the deposmon of
- Qe tape bmder materials onto the heads:

(1) Tapes which were formulated with hard binders tended to wear the'
" head surfaces with the preceding 4_096 to 45% RH abrasivity
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. 'breakpomt characterlstic. Increased hurmdity led to 1ncreased head
wear whife decreaslng humidity led to a reduction’in tape. flexxbility
and an increase in static charges on the tape (see sec. 1 10-(11))..

(2) Tapes which were formulated with low frlctlon, soft binders. tended
L . to have their own surfaces worn by the heads with little to ,no head
Yoo wear. The wear products from the tape were -either gummy or
' -.powdery. This was thought to be a function of the relative’ humidity
- and the hygroscopic characteristics of the tape coating. It was -
surmised that tapes which absorbed more atmospheric vapor would
tend to shed gummler coating products. .

(d _An adverse reactlon lmown as "brown—stmn" oceurs at low hum1dity levels-,
(i.e., below 35% ' RH). . It manifests itself as a discoloration 'of the °

recording head surface by the media. Brown-stain cannot be removed :

with ordinary cleaning solvents; instead it must be polished off with an
abrasive media. The stain._causes a head-to-tape spacing loss . (sec.-
8.1-eq(4)) which is most detrlmental f6r shorter wavelength slgnals L
7.3 Effects of Vlseoelastncity on the Tape Pack | ’ |

While an elastic materlal is capable of storlng mechanical energy under stress -

-without energy dissipation, a viscoelastic _magnetic' tape base material sich as -

polyethylene terephthalafa“(mylar) both stores and. dissipates energy:in response to -
winding stresses. This energy change is performed through processes known as creep
and stress relaxation which differentiates this material from a .purely . elastic .
material. 'An unusual characteristic of a viscoelastic material is its ability to
' continue to-alter its dimensions (i.e., plastic or cold flow) in response to previously
applied tensile stresses which have already been superseded by different stress
. values. This phenonmenon is referred to as the "memory" of the material [39] and
- explains why the windings ina reel of tape will often develop a different tenslon and
‘pressure’’ pattern after it has been stored for some time even-in:-a controlled
environment. It may, in fact, have ¢old flowed in response to the w1nd1ng stresses
vthat it experienced at some earher tlme, possrbly at the tlme of manufacture. -

Therefore, a stored magnetlc tape is never in a truly 1nert state because of 1ts : _"‘ -

viscoelastic nature. That 1s, the polymerice tape materials cold flow contjnuously in
order to relieve the wound in initial tensile stresses in the tape pack; this results in.
a reduction of the layer-to-layer frictional forces at various regions in the pack. '

Hence, a' computer tape whose pack is initially firm and smooth with no protruding . .

windings, can develop: gose windings after a period of storage; this can lead to tape
pinching upon accelfifation or deceleration. The interaction between .the tape
winding tension pat#€rn prior to storage, and the temperature and humidity .
variations, which océus durnng the same storage perlod is a source of eventual tape
problems. : .;; X L

7 4 Bffects of Teq;)erature, Humndlty, and, Windirg on the Tape Pack

. o‘.’*

r Constant tensmn tape wmdmg is a preValent method used in tape, drives and other

~ tape handlers at ‘e present time. The initial pressures experiénced by individual
layers wound ‘ontd: a tape pack at a constant tension (i.e., constant tensile stres) E
-form a contmuunﬁrang'ing 1mtially from almost zero pounds per square 1nch at’ thev-‘.i




a

outermost layers to several thousand pounds per square inch on layers near the
hub.37 These inner pressures can increase significantly if the tape is stored at a
higher temperature than its initial winding temperature, and the hub coefffcient of
thermal expansion is greater than that of the tape pack. In addition, if the tape has
been initially wound in a higher .relative humidity environment than the/sggrage
humidity, then the tape will deserb the moisture and shrink; this increases the*tape
sack pressures, especially in the absence of equal hygroscopic contraction of the hub
E;Z]. These increasing pressures can cause various types of tape damage. For
example, tapes which are stored in environments in which large temperature and
humidity variations oceur, can develop extreme tape pack pressures which can result

* in layer-to-layer adhesion (i.e., blocking) of the tape layers, and in cases of extreme

blocking, tape ‘coating .can be torn from the base material as it is unwound. -

"Layer-to-layer adhesion increases with the time the tape is stored and with the.
. number and magnitude of temperature-humidity cycles during storage.

Other ‘déleteriolis™effects caused by temperature-humidity variations are the

longitudinal and transverse distortions of the tape. ¢«The distortions take on several
identifiable forms, among Which are cupping and skewing. Cupping is a transverse
curving or bowing of the tape from edge-te-edge. . It manifests’itself when there are
differences in the thermal and hygroscopic coefficients of expansion between the
coating containing the magnetie particles and the mylar base material. Skewing is a
longitudinal curvature along the tape edges which is manifested as a departure from
g straight flat line drawn along the tape center. While cupping can cause variations

in- track-to-track signal amplitudes, skew causes a time misalignment of the

characters derived from each of the head tracks. Besides resulting from
temperature and humidity effects, skew can also be' caused by poor web tension
during the manufacturing tape slitting process, by transport guide misalignment, and
by poor tape winding {for example, high speed rewinding) during operation prior to
storage. Sometimes, a skewed tape can be-corrected by winding and rewinding the

- tape a number of times at normal speeds onto a precision reel under careful tension

control. The tape is then allowed to relax for at least one day in the environment in -
which the reading will be performed. It is beneficial to rewind the tape again -

~ several times before reading. : .

Cinching can be caused by winding tension patterns which are produced by the-tape
transport mechanism. It occurs as the result of a tape winding pattern in which the
direction of the tension vector in the tape windings will reverse somewhere within
the tape pack from an inward compressive tension, which shortens the tape near the
hub, to an outward (expansive) tension as the cold flow process continues. In the

region of the tape pack where the tension reversal takes place, there are a number =

of tape layers under zero tension in which the layer-to-layer friction of the tape is

grEatly diminished. Hence, when the reel is mounted onto a.tape transport and

'ackelerated or decelerated rapidly, the tape pack acts like individual concentric

cylinders in which the innermost portions of the reel may accelerate or decelerate
more rapidly than the outermost portions. Tape slippage occurs and causes a

. . -cinching or ereasing of the tape between these regions (cylinders); this damages both -

the media and the data over a large region.  There are commercial winders available
known as programmed tension winders which adjust the winding tensions so that
there is reﬁu’ged compression in the inner tape layers near the hub; this eliminates

L

37Note conversion: 1 Blfz (psi) = 6.894 x 103 Pa. ) )
= - in o o s
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" the zero tens10n layers in the tape pack and the tendency for tape slippage to

. .oceur. There is £lso a tendency for tapes to cinech if there is an- insufficient 1n1t1al
"~ winding tension hieh’ has produced a loose or sloppy tape pdek. -

~ Tape pack distortion can be: caused at low temperatures by the shnnkmg of plastic 2
‘'reel hubs whose thermal properties are different from those of the polymeric tape -
pack material. This causes the tape pack to loosen and the tape to cinch or buckle
(i.e., form a non-circular pack). Note that since the thermal coefficient of

. . expansion of aluminum is nearly equal to that of the polyester base film, therefore,

‘s aluminum hubs can minimize this effect. The dimensions of the reel hub and the,
: compressxbility of the hub material-also have an‘effect on the characteristles ofa -
- computer tape pack whlch is held in long-term storage. It has been found that [18] N

(a) -compressive forces on the hub can be reduced by, keeping ‘the: ratxo of the' s

‘outside pack. diameter to the reel hub diameter ‘to a value Tess’ than. three,

and : _ N

(b)' it is advantageous to have a large, incompressible hub because the more
:incompressible the hub the more the tape pack resists distortion (buckling)
and-tends to retain its cylindrical symmetry; it will also retain its imtlal
winding tension values over a longer period in storage. ~ ‘

The followmg ‘are effects of elevated temperatures on a tape pack [19]

. At 121°C (3800F), the substrate (mylar) becomes d1storted. .
.« At 1600C (3209F), the substrate and the coating become soft; blockmg '
(i.e., layer-to-layer adhesion) begins in the tape pack windings. :
.. At 2880C: (5500F), the substrate and the coating become darker and -
brittle. .
. At 5380C (10000F), the substrate and the binder become charred.

In addition to the effects of temperature on the tape medra, there are temperature' -
problems which are unique fo the read/write heads themselves. ‘ These problems are .
caused by the differences in the temperature coefficients of expanswn of the
.various delicate head components and mamfest themselves as changes in the headi
signal response. : S : :
. . . . .
It is interesting to note that }tnder normal winding stresses, the 1ength of a 731 nt'*’
T (2400 ft) computer tape will inerease by approximately 0.305 m (1 ft) for each 5.60C
' (10°F) change in temperature or 10% change in relative humidity [7]

7.5 Signnl Rise Effeet

It has been noted that many different computer tapes display a steady rise in signal
amplitude as the tape is read from end-to-end (BOT to EOT) with the signal level
increasing most ,*dly as the reel hub is approached It appears that this signal rise
. or "tilt" effect I8 caused by the increasing tape pack pressures.through their
* " smoothing ‘or -calendering effects on the tape surface. ~This smoothing effect
improves the.head-to-tape contact continuously as a function of the increasing
winding pressures proceeding from the BOT to the EOT-along’ the.tape surface. In
addition, the amount of- signial rise has been found- to be® signal wayelength
&pendent- this further validates the head-to-tape spacing (through smoothing)

(
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. theory as defined by the spacing loss equation (see. 8.1-eq(4)). The percentage of
" .tilt also. found to be a function of the read head characterlst1cs durlng some of the
tests. S , Co o )

E It is suggested as an experlmental study, that the wmdlng pressure and tensmn-

characteristics of a tape transport be -investigated through the use of specially
produced, uncalendered, non-backcoated, soft-binder computer tape which will be
responsive to the surfdce smoothing mechanism after a shorter storage period. It
has been observed at th& ICST Computer Storage facility, that tapes with soft
blnders which were stored for long peridds of time displayed nonlinear signal level
responses along their length. This appears to indicate that: different pressure
profiles developed in storage, assuming that the smoothing mechanism theory is

vahd -Also note the frietion tab measurement technique in section 2.2 3. .

) It has also been observed, that the normal ‘signal level rise from the- BOT to the EOT .
" on a tape could be reversed so as-to rise from the EOT to the BOT, if the tape is
~.wound in the forward direction and. then. stored without rewmdmg, with’ the EOT

remalmng -in the outermost, low pressure, pack position.
! ,

L]

. W 129

SN A



._ (.

81 Appendix B, Computer Magnetnc Tape Recordilg and Matenals S
8 1 Computer Magnetic Tape Recording . , . \, |

(a)

o)

(e

- magnetization in the media surface. As indicated, each reversal produces .

'ehead = i

Where v = the relatlve rxioduclng head-to-medlum veloclty and,

r

All reproductlon of signals from. present day computer tapes and dnsks is
done inductively. That is, the reading of the.signal from a tape surface.is -

doneé by a trdnsducer or head which responds only to the rate of change of -

magnetic flux ¢ issuing from the surface. Most present day computer
tape recording is in the form of "longitudinal" recordzng In longitudinal
recording, the principal direction of magnetization is jn the plane of the
surface and parallel to the direction of surface motion. Considerable
research is Bresently uhderway in the area of perpendlcular recordmg._

~The basic mductlve magnetic recordlng process proceecb as follows:

during the recording process; a magnetic field fringes outward from the

~gap.of a magnetic tape recording head. This. magnetlc field varies in both

1ntensxty and direction dependent upon the current in the recording head
coils. " This current is in turn controlled by an electronic system which
converts information bits. to reversals in recordlng head current. The.

fringing field from the recording head gap structure permeates the oxide

coating of the medium and leayes permanently magnetized areas in the

rm of* transition: regions from which thé tape surface [fringing flux

anates. A transition region is an area of the tape surface over which
the recorded magnetic flux reverses its polarity in response to the
recording signal. The read or reproduce head then senses these surface
fringing flux fields'inductively and produces output voltage pulses at each
bit posmon, these voltage pulses represent-the stored information bits.

* There -i8 no output from the read head except at those tape surface areas. .
from which the fringing fields emanate. - The signal strength derived from I

the medium depends upon the gradient 'of the flux as follows:

The lnductlve output voltage ehead from the readmg head is

‘_-v_‘é. o L)

x'ﬁ

gt- the rate of change bf flux ¢ with respect to the distance'x

dx along the medium surface, therefore the faster the medium moves

relative to the reproducing head, and the more rapidly the flux
varies with distance (over a trans1tlon region), then the greater the
output s:gnal strength mduced by each b1t or transmon reg'lon on the .
tape. _ : -

o

High \derBlty recordmg requlres fast reversals Ain the direction of -

a transition region, and typically one or two transition regions represent

an information bit. The faster each reversal of magnetization, then -the"

" .. narrower each’ assoclated transitionn region, and therefore the more -

" magnetization changes or bits per unit length of surface (1.e., b1t dem1ty)<
a med1a is capable of produclng and stormg ' )
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‘(d) Factors which influence the bit density and the signal strength obtainable
_from the magnetic media are: T o

(1) The thickness t of the coating on the surface of the storage medium,
. L ' oL e ,
" (2) The coercivity Hq of the magnetic oxide particles.
o The abﬁity of a thag'netic materigl-to resist the qrasuré of its recdli'd'ed
‘ information is ‘dependent upon a quality' known as coercivity which is .
_measured in units of amperes per meter (oersteds). . The higher the.
- coercivity of & magnetic medium the more difficult it is either to record
onto or to erase information from, its magnetic-surface. In order to erase
. the recorded signal completely, it is necessary that the’strength -of the
. erasing field is greater in value than the coerci_vity-of the magnetic

material. " .

Jg order to maximizé the bit density, the foregoing conditforfs are related
~ ~ “as follows. The minimum width of ‘a-reproduced pulse Py at its 50%
' pointsis -~ . . : I

Py ¥ (EH_)“ whepe*n=1/§ tol. N X

Y

. This equation shows that in order to dchieve high bit densities the.
*coercivity. of the medium should be as high as possible and its coating

" thickness. t as small as possible. In addition, high coercivity He -opposes

- the tendency -of "internal démagnetization fields H4 which form in the

<" transition regions from. forcing these regions to widen, and hence reduce .

_and'liniit ‘the bit density capability of the medium.

The coercivity Hy.is contrglled through-the processing of thie magnetic
.. materials both physically and chemically. Hq can be made very high say, .
et .. 80,000 A/m-(1000 Oe); however, as Hy. increases, the.recording or writing - .
. _ .. head power must also:be incressed. .This can' cause head (pole: ti'[‘S
", " satiration problems, and can deterforate the sharpness of: the writing head
o fields; this affects the bit*density capability of the'system.. “Typical .
coercivities | for present day computer -tapes . are ‘approximately .
22,000 A/m (275 Oe) to 30,000 A/m (375 Oe) although coercivities on the . ..
_order of 48,000 A/m (600 Oe) are available in some new high energy tapes. . .
~’ The thickness t of the magnetic coating should be made as thin as possible
- consistent - with* an acceptable output signal, good surface . finish, ‘
uniformity of coating, and good wear characteristics. Signals that are * -
~ recorded in the lower strata of a thick coating combiné with the sharper - .
pulses produced near to the tape surface and tend to broaden the overall . -
signal. "This reduces the. ability of the medium. to produce ‘many sharp
‘pulses per unit length along the tape's magnetic surface coating. .

- Additional fagtors which affect the bit density cdpability and the signal .

L ® . strengthare:’ . . R
‘ .(3)  The spacing between the -’réa.din'g and 'wr_itin’gi he,gd (transducer) and
- the storage media. . . ‘ T S
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of the magnetic field which extends oF X

(4) The shape or gradlent d
X head; where x is the longitudinal

~ fringes from the writing :
© - component of the head's H field. along the surface of the tape. His
. ~ the applied recordmg field. strength in the x direction. ~ B

(5) The magnetic characterlstus of the storage medlum, a_lwherel is
the magnetization of the medium. QI. is the slope- of thel-H
hysteresis loop of the magneth material as 1t passes -

e " through the H axis. A steep slope produces sharply defmed switching
' - field characteristics. . . .

(6) The,following equation' is derived;fr,_on\ item’s -(4),and.(5) _a'b‘_ove [40]5

-

. d ydH =d . e
@t w T & .
,Q'where' T A -

PR . . I

| .
d is the change in the 1htens1ty o magnetizatlon asa functlon' '
- dx. -of distance along the tape's magneglc surface: the greater & d -
. the greater the .inductive (signal) voltage produced per dx

: mformatlon bit. o S
- (7) The crowdlng of adjacent s:gnal b1ts at hlgh demities, causes read
T : signal peak shiftfﬁg', thns can lead to data losses 1f the Shlft 1s greater ‘

than a b1t cell. . . _ ,

Ae) An J,mportant slgnal loss effect is caused by the head-to-medla spaclng
- ‘The height of a flying head at;oVe a, disk surface or the average distance.
of a magnetic tape reproducing head from- the tape surface both cause-
~ this.loss...' Head-to-tape spacing -is caused by the YPoughness  of the
.~ magnetic-surface and exists even though' the head and tape operate im -
' apparent -contact with eath other. Modern computer magnetic tapes are
. being produced with average surface roughnesses’ of approximately -
0,025 um (1 um) to 0.5 um (6 pin). .In’ faet,. improved, surface .

: ~ ' conditioning .is one of the ‘more importait. advances in présent day*
.., magnetic tape production methods. - The eqiation which. is used for
R determmmg the loss of sngnal amplltude dqe to head-to-medfa spacmg is -

Lioss (dB) = 54.84 SR _; "?-’?'"ﬂ * (8 “
d - . v':' . 6 )
. whered = head-’to-'media distance. -

A- s:gnal wavelength

R RS
“, ’s(-v.. -v\ L

| .._Note that the spamng loss is most severe fqr;-,shdrt wavelength, hlgh '
densxty recordmgs. o

"- L

;All of the precedmg materlal explains why magnetlc media which,is
, intended for high density performance should have surface coatings- which
.- . _ -areas thm and as smooth as possible, and also. have as high a coercmty
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He as the writing transducers can accommodate. -However; the"dem:ls'
for 'an output signal level from media which can’ funetion  with
conventional equipment, requires that the surface not be made so thin as
' to produce a very weak output signal. This is particularly true at low
_ signal frequencies, since low density. recording- usually produces a deeper-
‘pen‘etrat"ion".. into the ‘media surface and therefore requires. a  thicker
‘ W surface coating than the high density, short wavelength recordings.
8.2 Magnetic Media Particles [40],[41]

\
)

s . . - . . .t - - - o .. S
(a) The surface coatings ofgalmost all computer magnetic tapes produced °. = .
' . today consist of ferromanetic needlé-shaped or "acicular" iron oxide
~ ..~ particles which are dispersed in an organic; typieally, polyurethane binder.
Lt . The ‘combination of these acicular particles and the binder -resylts in a " .
... 'deep brown colored mixture with a paint-like consistency. The processes™ *
which are required to achieve, maintain, “and - store - this ‘mixture are
" ~considered to bepropriétary. by each manufacturer. The mixture, in its =
" -. ‘. wet state, is-coated uniformly by one of several processes onto a clear, ,
' Jflexible" plastic- tape hase web ‘material usudlly made of polyethylene
. terephthalate (mylar).  If the binder and oxide have, been mixed in the .
proper proportions (the oxide particles usually:constitute a velume, .-
fraction of about 35% to 45% of the coating), then.the tape rémains

flexible and pliable after the coating dries, -

oo
4

a

Whﬂe/the coating is still wet, the tape is subjected to a strong rmagnetie
_ fid. which: physically turns and ;orients the needle-shaped particles so”
that their long axis is parallel to‘thé longitudinal.difection of the mylar
(typically, 0.6 m (2_ft)) base web. The strength of the magnetic field, the
‘viscosity of the coating mix, and how well the partictes are dispersed in
the binder material*“will “afféct “the' qualiy ¢f the final ‘particle
_orientation. 'If these-fdctors are not carefully confrolled, ‘the oxide ..
ticles will "clumip" or "rope"; together and produce &fough tape both - i
gﬁrysic&lly""and-- magnétically after the coating.is‘| . Drying is
A ] , BW' of air. It's .
importaht to :noté’ that when dried, the acicular oxide particles are
" permanently fixed in positioii-and ‘thereafterido not move physically when -
“subjected to the sttong writing head maghétie fields.- At this point, the
“tape web is slit into 12.7 mm (0.5 in) Wwidths and 730 m (2400 ft) lengths;’
these constitute the ‘égmputer-magnetic¢-tapes. - The slitting process must e

B - C&

‘ . e o
“a

. A

Lo TS 2

et ‘performed, with' the aid of heat and-a. substantial

- be very carefully congiolled.

T

..., Many present day;computer tapes are,.alsd:backcoated with a thin,
s " polyurethane "binder. whi¢h" ‘contains black, "~ nonfuagnetic, conductive,,
T, carbon ‘based. particles. - This backeoating reduces-gfatic buildup in the
ST .and. reduces ‘the

" tape,: provides. improved frictional. ‘characteristics,’

- ‘,. = . produdttion énd the effects of tape debrisi

R

N

R 2
D ,.:_»:.I.,‘_ i

magnetically hard, gamma ferric oxide (Y-Fep03)'particles. Typically, "

. these particles are -acicular (needle-like) in 'shape with a 6:1 .’
- length-to-width ratio, the:length being about 0.50. i (20 uin). The size - .
and voluie: of these particles cause$ ‘them to behave “as "single: domain"

). - Thé_feﬁoﬁ&netic'materia'l used in almost all comptiter storage media is
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- pamticles. Single-domain particles ¢annot maintain domain walls and their . .-
. state or direction of magn&tization is altered by magnetic vettor rotation”
.. rather than by the domain wall displacements that. take place in large bulk.
~*  magnetic m,at:arialg; ’l: - ‘ h AT Y
High™doercivities Ho are achieved in single-domain particles by making
the particles acicular. Acicularity ﬁduces what is known as shape -

T

anisotropy and gives each particle tw asy) directions of minimum free .
- -energy from which it is- difficull™to. reverse the direction_ -of. -
‘magnetization.” This is useful for magnetic tape since there is orie -
direction of linear tape movement and:therefore the particles can be . L
' oriented with their long axis parallel .to’this direction. In the case of - ...
magnetic disks,.it is more. difficult to use acicular, particles because they .~
cannot be oriented easily-(although disks are availafle.in oriented form).
In,this case, y-Feq03 parficles which display cubic, crystalline anisotropy -
- with'six directions of seasy magnetization can be uséd sifice they do not -~
have to be.physical georiented in the disk,coafihgs:;,_'.InZ:Q‘gdditiQn, these -

- eubic Y-F€903 partidles.ciin be doped or epitaxied with e Small"quantity

s

of cobalt §n order to raise their coercivity to a higher value;." .. - :

e e
A

-

Thip films of nickel-cobalt are often electrodeposited onto rigid disk .

- surfaces. These are excellént for high densities because of their thinness
+'and also because these thin films are able to produce higher iptensities of
“magnetization than a Y-Feq03 particle coating of equivalent thickness.

"1} That is, they can produce high bit densities with fairly strong signal . .
" ¥...amplitudes. Unfortunately,. thin. metal films have not succeeded as 4,

" coatings on f1e:gible"“§" etic-tape'media becausg they do not adhere well© -
& - tothe mylar plastic bise substrates and tend to rub off on the confacting - .
g _ recording and reproducing heads. - A - -

)i There are magnetic particle types other than gamma ferric oxide which
: i~ are available for use in computer tapes [40][41). 'However, as noted, at
.5, the present time Y-Feg03 particles are overwhelmingly prevalent in the
- * “cpmputer magnetic media field. This is due to” their historical position,
. ‘lpwW cost, good operational characteristies, ' and the general field and - - -
- production experience with these particles. A

New:.particle research and dev‘éﬂopment’ work is aimed at producing

- Smaller, well-configured particles which have high coercivities and. high

- jfitenSities of ‘magnetization in thin layers. When achieved, these
- . pardmeters éllgw for lower hoise tapes, -higher- bit density :capabilities, .- ,

+ higher gignal"ie’w'(els,,_dhg,smoother tapes which result in gpod head-to-tape

. c_ir:tact”and less weary: . S
B L ‘ .“‘ . B ] __.:_‘_. ‘:‘ ﬂ_"_ ‘ » . L . . A‘ K
,Since most computer tape systems havé been designed to accommodate

"\ ~" y-Feg03 tapes, then much of the potential of new particles and media

7. cannot be realized if they‘are required to operaté within the constraints. ‘a‘
of these older conventional systems. This sityation can be corre

: thr ‘ughth_ée"_c_levelopment ‘of systems which are ;"speqifica‘_l‘_ly designed™o
©. . . ‘operate with'the new media. . Unfortunately, multi-system approachés cal” W
R .cre‘ét_e interchangeability - and compatibility  problems, Amless< industry .4 ¢
. standards are developed. & .. .. . et a »
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‘ Unfortunately, these meétal .particles will rust or burn'w

There ‘are usually trade—offs which must be made for each new partlcle.
or example, chromium dioxide *CrO3. _particles *have .many good: '

‘characteristies including omentabxhty and dispersability, excellent shape,” -
size, and surfdce quahtles which are controllable, and high values of

. magnetization and coercivities in thin layers. - In  addition, Cr02 ‘tapes"

"i.particle costs are high, they tend t6 be fhore abrasive than Y-Fes0g, and ..
_~they have a very low Curie temperatyre which can Tead to- the- lqss fof s
: _’-.'-stored data in hot environments. Considerablé effort has been applled o
e -towarls solving the CrOg abrasivity (head wear) problem; in one mstance, .
R through the develppment of smal}er, homog‘eneom partlcles. ‘ :

display high bit density and ‘signal levefﬁfraetemsuw. HovaeVer, Cr02 S

o :'T: '-";"..r‘,h-_,.‘There qre"'Y-F£203 Pal‘t‘cles whose characteristics are. xmproved through
oL the] ehemmal a

v -“or’;cobalt; iofts
‘-.}':,._rsurface. Céobalt. processing makes, it: posmble to achieve-a’large range of -
'-coerclyrt;es, in fact, a 5% doping of' Co Makes At possnble 'to achieve a

cation -of addltlonal elements such as cobalt Co. Co is
# doped into the stricture of the Y-Feg03 (Co substituted)
are diffused as an. epxtaxlal layer (Co adsorbed) onto ‘its .

coercivity "of 80,000 A/m . (1600 ‘Oe). . 'However, ‘cobalt substitution:
~produca _patticles with a ‘greater H, temperature sensitmty and
mcreased print-through in stored tapes.

e,
.

A class of non-oxide, metal partlcles such as Fe’ and F e—Co have been:
* deVeloped They have very high magnetizations,, highcoercivities. and
" remain ferromagnetic even when they gre extremely small A direct

substitution .of Fe for .¥-Feg03 yields .a 412 dB’ sngnal‘, rease .[41].

'iexposed to air

and therefore. require special protective coatlfigs W
“development at the present tlme.

‘are under -'"’
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m | meter o [1 R . . . 3 .
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